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simultaneous and successful treatment, and (4) a new operative approach for 
pericardiectomy. 


CASE REPORT 


1. J. F., a 50-year-old white unemployed painter was admitted to the New England 
Deaconess Hospital on July 5, 1050, with complaints of cough, dyspnea, and progressive 
edema. In February, 1945, this patient received a nonpenetrating injury to the chest when 
he was crushed against a concrete pillbox by a truck. He was hospitalized for many 
months with bilateral numerous rib fractures and liemothoraces. He was treated with rib 
traction, body cast, and bilateral closed catheter drainage. Since the injury, he had had 
gradually increasing exertional dyspnea, orthopnea, and paroxysmal nocturnal dyspnea. 
Repeated respiratory infections, characterized by severe dyspnea and cough, had neces¬ 
sitated hospitalization for oxygen, bronchodilator, and antibiotic therapy. At least one of 
these episodes was accompanied by suhsternai pain. Progressive edema and ascites, unsuc¬ 
cessfully treated with digitalis and diuretics, had been present for six months prior to 
admission. 


Physical Examination .—The patient was a moderately dyspneic and orthopneic man 
with visibly distended neck veins and engorged retinal veins. The chest was held in an 
inspiratory position, and the anteroposterior diameter was definitely increased. The left side 
moved considerably more than the right, and the right lower chest almost not at all. Dullness 
and decreased breath sounds were present at the right base, and there were tine rales at both 
bases. The heart was not grossly' enlarged; its rhythm was regular; and its sounds were 
distant and unaccompanied by murmurs. There was a marked pulsus paradoxicus with a fall 
in systolic blood pressure of 15 mm. Hg on inspiration. There was extensive edema, most 
marked in the lower half of the body, but present also in the arms. Liver dullness extended 
two fingerbreadths below the right costal margin. 

Laboratory Findings .—Hemoglobin was 15 mg. per cent, with a hematocrit of 47 per 
cent. Electrocardiogram showed low to inverted T waves and low EJIF of QRS in all leads. 
Chest film showed numerous old rib fractures with markedly thickened pleura over all surfaces 
of the lungs and obliteration of the right costophrenic angle (Fig. 1). At fluoroscopy, the 
right diaphragm moved only 1 cm., the left, 4 cm. The heart was not enlarged, but amplitude 
of the heartbeat was much reduced on all borders. No pericardial calcification was seen. 
Venous pressure in both antecubital and femoral veins was 350 mm. of saline. 


Course .—The preoperative pulmonary- function studies were done on July 15, 1950, and 
cardiac catheterization on July IT, 1950. Decortication of the left lung and the heart 
was done under local anesthesia with the patient in the prone position on July 26, 1950. 
The pleural space was found to be completely obliterated, and the scar measured 2 to 3 
mm. in thickness. The pulmonary decortication was accomplished with ease, and complete 
expansion of the lung was observed. There was no evidence by inspection or palpation of 
parenchymal pulmonary disease. The cardiac pulsations were markedly diminished by a 
thick, fibrotic layer of tissues, largely replacing the pericardium and densely adherent to 
the myocardium. This thickened pericardium measured 4 to 5 mm. in thickness. No 
calcification was observed. The constricting pericardial membrane was removed from the 
entire surface of the left ventricle and from a portion of the right ventricle and of the 
left auricle. Following this the cardiac pulsations appeared normal. During the actual 
removal of the cicatrix, cardiac arrhythmias developed on several occasions but returned 
to normal following rest from the manipulation. A short episode of cardiac standstill 
responded quickly and favorably to cardiac massage. The phrenic nerve w as carefully 
dissected from the cicatrix, and at completion of the surgical procedure the diaphragmatic 
dissected noted t0 be normal. The venous pressure was 180 mm. of saline 

motions on t e and 140 mm . of saline five months later. Decortication of 

three wee s pos P ‘ f e ’ a on Dec . n, 1050. The pleural space was completely oblit er . 
the right ] “ ng P d a rred membrane was more dense and adherent than that cncou n . 
ated and the thick d me mbrane measured 2 to 4 mm. in thickness. Follow- 

e -^ sion - gross evidence of pu,rnouar >- 



OVBtHOLT ET AE: COASTRICTHT. PEnlCArailllS .«» A'l-ISCRITIS 

sr~ 4SrS‘ >«■.- «*» »*«* >*“• 

Etiology .—The cause of the pericardial and pleural cicatrix m this ease is 
of particular interest. There was no microscopic evidence of tuberculosis m any 
of the specimens, and the pleural membrane had none of the gross character¬ 
istics of the peel resulting from empyema, tuberculous or otherwise, it is 
known that the patient had bilateral hemothoraccs following his crushing 111- 
iurv however it is highlv unlikely these ever became infected since open drain¬ 
age was never necessary, and since at pulmonary decortication no empyema 



Fig. 1.—Preoperative oblique roentgenogram. This demonstrates the bilaterally thickened 

pleural membrane. 


pocket was found on either side. During his illness, there was no history sug¬ 
gestive of pericardial effusion or purulent pericarditis. We believe that this 
combined constrictive disability was the late result of a sterile hemothorax and 
hemopericardium. We have !>een unable to find a reported, well-substantiated 
case of constrictive pericarditis resulting from injury uncomplicated bv in¬ 
fection. Warburg- has included in his monograph on nonpenetrating injuries 
of the heart a case of chest injury followed by a typical Pick's syndrome with 
pericardial calcification demonstrated by roentgenogram. No post-mortem ex¬ 
amination was reported, however, and incidental tuberculosis in his patient 
cannot be excluded. A ease reported by White and Glaudy 3 had proved tuber¬ 
culous constrictive pericarditis following a bloody pericardial effusion due to 
injury. 

Cardiac Catheterization .—This patient was subjected to cardiac eatbeteriza- 
ion preoperatively and eight months after his pericardieetomy. Before present¬ 
ing the actual pressure values obtained in our ease, it may be worth while to 
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review the normal pressure-flow relationships in both systemic and pulmonary 
circuits and the various concepts of pressure alteration produced by constrictive 
pericarditis. The normal values for pressures within the heart and great vessels 
are presented in Fig. 2. In Fig. 3 are illustrated the possible sites at which 
obstruction to the circulation might be caused by constrictive pericarditis as 
postulated by various authors. 4 ' 11 For purposes of illustration, hypothetical 
pressures which Would have to be obtained with each site of obstruction are 
also noted. In our experience, the pressure relationships indicated in the three 
hypothetical cases have never been encountered. 


NORMAL INTRAVASC. PRESSURE 



Fig. 2. 


The normal values and the pre- and postoperative values of this patient are 
listed in Table I. It is to be noted that the “pulmonary capillary pressure, 
pulmonary arterial diastolic pressure and right ventneulai diastolic pressure 

T1 s 

i =- p —^ — 

therefore^unle^ Mention ddta dearly indicate in any individual case 


OVERHOLT ET AL.: CONSTRICTIVE PERICARDITIS AND PLEUU1TIS 



FI/t. *i. Diagram indicating Intruv/iHCUliir nroamiroH In constrictive pericarditis, The area of the curved white line rrpro- 
HentH elevated intmvn.scuJur pressures due to constrictive pericarditis. 
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stroke index as well as a return of all pressures to near the normal values. 
The residual elevation of “pulmonary capillary” pressure may he attributable 
to left ventricular failure due to the myocardial atrophy seen routinely after 
pericardiectomy 12 or due to fibrosis of the myocardium. 

Table I. Cardiac Catiieterizatiox Data 


T. J. F. MALE, AGE 50 CONSTRICTIVE PERICARDITIS 



NORMAL 

RANGE 

PREOPERATIVE 
JULY 17, 1950 

8 MONTHS 
POSTOPERATIVE 
MARCH 19, 1951 

Height (cm.) 

Weight (Kg.) 

Body surface (area M-) 


105.5 

71.0 

1.77 

105.5 

G3.6 

1.71 

Intravascular pressures mm. Ilg 

Peripheral arterial (S/D) 

Peripheral arterial (mean) 

“Pulmonary capillary” (mean) 
Pulmonary artery (S/D) 

Pulmonary artery (mean) 

Right ventricular (S/D) 

Right atrial (mean) 

Vena caval (mean) 

Peripheral venous (mean) 

120/80 

100 

9 

22/10 

12 

■ 22/5/0 

0 

2 

0 

134/82 

95 

27 

45/29 

34 

46/25/15 

22 

25 

27 

155/83 

118 

18 

34/12 

99 

33/12/3 

7 

8 

8 

Cardiac output 

Arterial oxygen content (Vol. per cent) 

Venous oxygen content (Vol. per cent) 

Arterial oxygen saturation (per cent) 

A-V deference (c.c./L.) 

Oxygen consumption (c.e./min.) 

Oxygen consumption (c.c./min./M 2 ) 

Ventilation (L./min.) 

Cardiac output . 

Cardiac output (L./nnn./lOO M. 0-) 

Cardiac index (L./min./M-) 

Pulse rate (beats/min.) 

Stroke volume (c.c./beat) 

Stroke index (c.c./bcat/il )- 

19.25 

14.45 

90 

48 

222 

125 

7.8 

4.0 

2.1 

2.0 

82 

50 

32 

19.45 

15.38 

98 

41 

319 

187 

12.0 

8.0 

2.5 

4.7 

80 

100 

58 


Table II. 


Ventilatory Function Studies 

-- ‘ constrictive pleoritis and pericarditis 


t. j. r. male, age 50 


Respiratory rate/min. 
Tidal Air at Rest 
Resting Minute Volume 

Expiratory Capacity 
Inspiratory Capacity 


(L.) . x 

(L./nnn.) 

(L.) 

(L.) 


Vital Capacity &■) 

Maximum Breathing Capacity (L./min.) 
Resting Ventilatory Reserve (per cent) 

Capacity Ratio 


/ MBC ^ 


V VC 


PREOPERATIVE 

JULY 15, 1950 

POST LEFT 
DECORTICATION &' 

PERICARDECTOMY 

DEC. 5, 1950 

POST RIGHT 
DECORTICATION 
MARCH 17, 1951 

16 

13 

20 

0 457 

0.082 

0.488 

7^30 

8.52 

10.05 

n 47 s 

0.S70 

0.880 

0 870 

1.100 

0.940 

1 100* 

3.900 

1.805 


1.940* 

1.715* 


72.5 

74.2 


53.0* 

55.0* 


88.3 

80.0 

77.0* 

84.0* 

82.0* 


37.0 

41.0 

27.4* 

27.4* 

32.0* 


\ v / _:--— -- . 

---- “ ” TTT 'ind soda Hnic canister 

♦Values obtained with valves anu soua 

resistance. 


in ventilometer offering significant 




Overholt et al. ; 


CONSTRICTIVE PERICARDITIS AND I'EH RITIS 


Ycnlilatory Function Study -Pulmonary decortication is new a siruidaid 
procedure for incarcerated lung in chronic hemothorax, nonexpendable pnci • 
mothovax. and chronic empyema Respiratory function studies ™ 

subjected to pulmonary decortication have been reported by several authors. 
This experience indicates that excellent restoration of ventilation and gas ex¬ 
change can be expected after decortication when the underlying lung paren- 
clmua is not extensively diseased and when the incarceration has not been of 
excessive duration. Little benefit has been derived from decortication m most 
cases of mixed tuberculous empyema and in some of these decortication lias made 
even worse the ventilation-perfusion relationship in a diseased lung by increas¬ 
ing its ventilation without increasing its oxygen uptake . 1 " 15 



Fig. 4.—Preoperative posteroanterior roentgenograms of the chest (left). The numerous 
rib fractures and bony bridges are noted. The same projection postoperatively (right). Xote 
the altered cardiac silhouette following the release from the pericardial constriction. 


Rost reported eases of hemothorax have been operated upon early in the 
course when loculated pockets of serum still remain and the organized peel lias 
not yet become dense cicatrix . 19 In our ease both lungs were encased in a tight, 
nonelastic membrane which visibly restricted expansion of the lungs at operation. 
Ventilatory function studies performed before the perieardiectomy and left 
pulmonary decortication, again just before the right pulmonary decortication, 
and a third time three months after the second operation, are presented in 
Table II. Had bronehospirometry been performed, it would be less difficult 
to distinguish the effect of pulmonary decortication from the relief of pulmonary 
congestion by the perieardiectomy. The marked improvement in vital capacity 
and maximum breathing capacity after the first operation is obvious. This 
patient had so much injury to ribs and intercostal muscles that his rib case itself 
is the limiting factor in ventilation. This explains the failure to observe further 
improvement after the right pulmonary decortication. Chest films dearly show 
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numerous rib fragments in such malposition that considerable bony bridging 
has occurred between the ribs, accounting for much of the thoracic immobility 
(Figs. 4 and 5). 

Operative Approach .—The pericardieetomy and left pulmonary decorti¬ 
cation in this case were performed through a posterolateral transpleural ap¬ 
proach with the patient in the prone position (Fig. 6). This approach for 
pericardieetomy is preferred by us, rather than the usual anterior and lateral 
thoracotomies, for the following reasons : 

1. Anatomic: The major portion of the left ventricle is posterior 
to the left phrenic nerve. With the posterior approach, all surfaces 
of the left ventricle—anterior, lateral and posterior—are more accessi¬ 
ble for surgery than with the anterior approaches. In addition, fair 
exposure of the right ventricle and left auricle is also obtained. Since 
the course of the phrenic nerve is easily seen, it is less likely to be 
injured. 



2 . Physiologic: In the lateral position, controlled positive pressure 
anesthesia is required to maintain adequate ventilation The impair¬ 
ment of venous return, decrease in cardiac output, and lowering of the 
blood pressure produced by positive pressure anesthesia aggravate 
these same circulatory effects of constrictive pericarditis. In addition, 
Beecher 20 has emphasized the presence of increased amounts of respira¬ 
tory acidosis in the lateral position which is not present when supine 
or prone is used. For these physiologic reasons, the la eral approach 

should not be used. 





OYERHOLT ET AL.: 


CONSTRICTIVE PERICARDITIS AND PLEURITIS 


3. MhiM. A wide exposure ot oP-tivc MS is ob* ^ 
during the tedious dissection of the adherent, pericardium. ^ ith 

sssss retire is j 



Fig. 6.—An anatomic drawing showing the excellent exposure for pericardiectomy with 
the patient in the prone position. The pericardium has been removed. The major portion of 
the left ventricle and a part of the right ventricle are posterior to the phrenic nerve. {LA, 
left auricle; LT, left ventricle; RY, right ventricle.) 


Extent of Pericardiectomy .—In our experience, decortication of the left 
ventricle is necessary to insure maximum circulatory rehabilitation in constric¬ 
tive pericarditis. "We, therefore, practice and recommend excising the peri¬ 
cardium from the anterior, lateral, and posterior surfaces of the ventricles. 
The apex should be freed because it constitutes a portion of both ventricles. 
Tv e have found no sound physiologic evidence to prove that the auriculo-ven- 



10 


THE JOURNAL OF THORACIC SURGERY 


tricular groove should be liberated. As a general rule, no attempt need be made 
to free the auricles, vena cava, pulmonary artery, or pulmonary veins unless 
this should be indicated by catheterization studies. 



summary 

1 A patient with combined constrictive pericarditis and <f lstl ' ic tive pleu- 

ritis successfully treated by pericardiectomy and bilateial pu ary decorti- 
ntis success! J determined, this dual constrictive disability 

rrcrd »** *- «■*- 

hemothorax "” d clearly demonstrated impaired 

ventricle. Pericardiectomy was special, y directed at 
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total decortication of the left ventricle. Postoperative catheterization data 
justified this technique by showing excellent return of pulmonary vascular 
pressures to nearly normal. 

3. A new posterior operative approach for perieavdieetomy which allows 
excellent exposure for decortication of the posterior and lateral surfaces of 
the heart is described. This approach was especially suited for the combined 
resection of constricting membranes from both the heart and left lung in this 
patient. 

The complete study and treatment of this patient was made possible through the close 
cooperation of the Boston Regional Office of the Veterans Administration. 
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DISCUSSION 


DR. CONRAD R. LAM, Detroit.—I should like to congratulate Dr Overholt r.nfl 
bus associates for the results they obtained in this ease. Hoover I wonid Kkc to ft 
eat J hl c T' th . e T sbould not generalize too much with regard to the approach in a tvpfal 
ea-e of eonstnchve pencarditis. I should like to bear testimony for the good » 
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obtained by Dr. Holman’s approach by median sternotomy. One can decorticate down to 
the phrenic nerve on each side quite easily, and the results in our hands in a small series 
of cases have been uniformly good. 

DE. J. F. HIGGINSON, Portland, Ore.—I have had occasion to use three approaches 
to this problem, the circular pectoral flap approach, the left anterolateral approach which 
has also been described by the Boston group, and the sternal splitting approach. In con¬ 
tradistinction to the remarks made about how far one can reach posteriorly, it is possible 
by means of the sternal splitting approach to reach the back of the heart quite adequately. 
I think of all three approaches I have tried. (I have not used this prone position) the 
sternal splitting approach is by far the best. 


DB. EMILE HOLMAN, San Francisco.—I think this is an unusual course of events 
that produced this left ventricular compression, and is not comparable with the usual case 
of cardiac compression that we meet. I should like to state what we have found experi¬ 
mentally. We have had no difiiculty whatsoever in producing all the symptoms of cardiac 
compression by constricting the right heart alone. We have four dogs for varying periods 
of time up to a year. Since constricting the left heart alone, we have had no symptoms 
whatsoever of the usual cardiac compression. I think we can prove this eventually. 


DB. OVEBHOLT (closing).—It was Professor Schmieden, as early as 1926, who 
pointed out very clearly that it was necessary to free completely the left ventricle. Since 
that time, there has been a great deal of argument as to whether or not the other portions 
of the heart should be freed or liberated. In reading over the discussion of Dr. Holman’s 
paper which was given two years ago at the New Orleans meeting, it was apparent that 
the majority of discussers favored a complete exposure of the.anterior surface of the heart 
in order to make sure that the decortication was extended to include the vena cava. In 
this connection, however, the observations of Dexter and Burwell are interesting. Dr. 
Dexter catheterized for Dr. Sweet in 1947 a patient who had been operated upon on two 
occasions in which the anterior approach had been used. The patient was not adequately 
relieved. It was demonstrated that this patient still had left ventricular constriction. 
Since that time. Dr. Dexter has had an opportunity to catheterize other patients in which 
the difficulty was found to be entirely left ventricular constriction. Dr. Sweet asked me 
this morning, since he could not be here, if I would not report that in his experience ho 
has never seen any evidence that there was obstruction on the right border of the heart 
in cases observed at the Massachusetts General Hospital. 


This particular patient that Dr. Walker has presented was unique in that the co-exist¬ 
ing bilateral constricting pleuritis required liberation of both lung and heart from their 
constricting membranes. It forced us to open widely both pleural cavities and to plan 
the first procedure in such a way that there be complete access to the entire lung and left 
ventricle. The second operation afforded an opportunity to verify Dr. Burwell s and Dr. 
Dexter’s prediction that we would not find obstruction on the right side. After decortica¬ 
tion of the right lung, we found that there was no superior or inferior vena caval obstruc¬ 
tion and no further decortication of the heart was required. Interestingly enough, this was 
our most seriously crippled patient and yet, by the posterior approach with attention to 
the left ventricle, our best result was obtained. Recently, we have oun it necessary to 
reoperate upon a patient because there was an overlooked associated constrictive pleuritis, 
and the left ventricle had been inadequately liberated through an anterior approach. These 
experiences have caused us to pay more attention to the possibi i Y ° co-existing con¬ 
striction of the lung as well as the heart, particularly in tuberculous subjects. It has also 
convinced us that the posterolateral approach in the face-down positron provides a most 
satisfactory approach to both the left lung and posterior lateral aspect the heart. 


UR WOODBURY (closing).—The technique of cardiac catheterization applied to p a - 
• i with constrictive pericarditis has elucidated the pathologic physiology of this dis- 
mse in a iefinitive manner which deductions from anatomy, observations at operation, and 
Experiments in dogs have not done. 
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Our laboratory has catheterized eight patients who subsequently at operation were 
proved to have constrictive pericarditis. In none of these patients was there an increased 
pressure gradient between peripheral vein and Tight atrium. This mles out significant vena 
caval constriction as the cause of the elevated peripheral venous pressure. In none of 
these patients was there an increased gradient between Tight atrial pressure and right 
ventricular end-diastolic pressure. This rules out significant atrio-ventricular groove con¬ 
striction as the cause of the elevated peripheral venous and right atrial pressures. Dr. 
Hansen of Copenhagen has catheterized ten patients with constrictive pericarditis, and he 
reports in a personal communication that he has never found pressure gradients in the 
great vessels indicating localized constriction at any point. 

In view of this evidence against isolated stenosis, the alternative explanation for the 
elevated venous pressures and the diminished cardiac output in constrictive pericarditis 
must be embarrassment of ventricular function. That this interference is not confined to 
the right ventricle alone is indicated by the observation that pulmonary capillary and pul¬ 
monary arterial pressures were elevated in every one of these eighteen cases. In the eight 
cases catheterized in our laboratory pulmonary capillary pressures ranged from 16 to 2S 
mm. of mercury, two to three times the normal, and in six of the eight it was higher than 
right atrial pressure. Such high left ventricular filling pressures indicate that the reduced 
stroke volume found in every case must be due either to left ventricular failure or to 
limitation of left ventricular filling by a constricting pericardium. 

On the basis of this evidence we are convinced that the left ventricle should be com¬ 
pletely liberated whenever pericardiectomy is performed for constrictive pericarditis. 



THE DIRECT INTRACARDIAC RELIEF OF PULMONARY STENOSIS 
IN THE TETRALOGY OF FALLOT 

Robert P. Glover, M.D., Charles P. Bailey, M.D., Thomas J. E. O’Neill, M.D., 
Daniel F. Downing, M.D. (by invitation), and 
C. Robert E. Wells, M.D. (by invitation) 

Philadelphia, Pa. 


/\ LTHOUGH a considerable volume of anatomic, pathologic, physiologic, and 
clinical data regarding the nature of cyanotic heart diseases existed prior 
to 1945, these conditions aroused little interest or enthusiasm, when considered 
therapeutically. The variety of malformations described were of so complicated 
a nature, the victims so pitifully afflicted, and the underlying physiologic 
changes so little understood or appreciated that the entire subject was relegated 
to a hopeless, incurable, museum-piece status. When one felt constrained to 
investigate more deeply, the fact that of all cardiac lesions congenital heart 
disease comprised but 2 to 3 per cent, 1 and of these cyanosis was present in but 
a relatively small number, the prospect of material contribution either clinical 
or technical seemed gloomy indeed. The attitude prevailed—“what is to be 
gained?” or “is it worth it in the final analysis?” 

Such reasoning and concepts were almost immediately dispelled by the 
brilliant contributions of Blalock and Taussig in 1945, when the problems of 
cyanotic heart disease were reduced to a logical and salvagable sequence. Then- 
initial endeavors were concerned with the mechanism whereby cyanosis was 
produced. They pointed out that in the common form of congenital cyanotic 
heart disease—the tetralogy of Fallot, embracing as it does the combination of 
pulmonary stenosis, dextroposition of the aorta, interventricular septal defect 
and right ventricular hypertrophy—the diminution of pulmonary blood flow 
was the dominant factor in the early demise of these infants. They had thereby 
reduced an anatomic malformation to its physiologic corollary. If, as it 
seemed at that time, it was impractical to correct the structural defects re¬ 
sponsible for the reduction of pulmonary blood flow, it might veil be feasible 
to counteract the result of these defects by the artificial establishment of new 
vascular pathways whereby unoxygenated blood might be rerouted through the 
pulmonary bed. 

The ingenious, systemic-pulmonary shunt employing a subclavian artery- 
pulmonary artery anastomosis as devised by Blalock and Taussig 2 has become 
the standard operative method for the relief of the tetralogy of Fallot syndrome, 
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and its acceptance is universal. The equally ingenious modification of this pro¬ 
cedure the direct aortic-pulmonary artery anastomosis of Potts, Smith, ant 
Gibson 3 has shared the acclaim afforded such shunts, and is also vndely em¬ 
ployed by surgeons in this country and abroad. As is well known, such extra¬ 
cardiac shunts essentially by-pass the intracardiac pulmonary obstruction re¬ 
directing mixed venous-arterial aortic blood into the pulmonary vascular lied 
where its oxygenation effectively relieves the clinical signs and symptoms mani¬ 
fested by the now highly publicized “blue baby. Thus an additional (fifth) 
defect has been added to four already present, albeit one which in large measure 
overcomes the immediate and obvious effects of the condition under consideia- 
tiou. Nevertheless, a “patent ductus arteriosus” has been created, a defect 
which were it to be found in existence alone would demand, by present standards, 
early surgical correction. The late effects of such an arteriovenous fistula on the 
heart and circulation are well known, and, although the interventricular septal 
defect in the tetralogy may conceivably counteract in some measure the dele¬ 
terious late effects of an artificially produced ductus, there is certainly cause 
for real concern as to the eventual fate of a patient harboring such a nest of 
dangerous anomalies. 

Without detracting in the least from the excellent results achieved by ex- 
tracardiae shunt procedures, it would seem entirely reasonable to redirect one's 
thinking from purely physiologic lines and to consider the problems posed by 
the underlying anatomic defects themselves. Is it possible to relieve the pul¬ 
monary obstruction by a more direct intracardiac approach and thereby reduce 
(and not increase) the number of defects with which the patient must contend? 
In order to effectively accomplish such an obviously desirable feat it is, of course, 
essential to obtain a thorough understanding of the nature of the pathologic 
obstruction in the pulmonary channel. Having ascertained and assessed the 
pathologic changes, means for rapid, safe, and efficient correction must be per¬ 
fected. Initial results of such a uew departure as would be embodied by a 
direct surgical approach must be at least comparable to those already obtained 
by shunt procedures, and the prospect that the patient will have a more nearly 
permanent relief and a more certain future must at least theoretically outweigh 
present doubt which exists concerning the eventual physical havoc that may re¬ 
sult from the presence of a surgically-produced shunt. 

In spite of the fact that a very large number of cyanotic patients with 
various types of pulmonary obstruction have been studied clinically and treated 
surgically, there is little detailed data available as to the relative incidence of 
the individual anatomic variances which may be present within the right: ven¬ 
tricular outflow tract or at the root of the pulmonary artery. It is well estab¬ 
lished, however, that pulmonary stenosis, either valvular or infundibular, may 
exist as a single defect or more commonly be found in association with any com¬ 
bination of intracardiac anomalies, particularly those designated bv the term 
tetralogy of Fallot. In this condition, infundibular stenosis, i.e a muscular 
hypertrophy or fibrous malformation of the ventricular mvocardium proximal 

the pulmonary valve, rather than valvular, has been considered to be almost 
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invariably present. There is no doubt that some less common forms of infun¬ 
dibular stenosis almost defy direct surgical attack. On the other hand, others 
invite it, and certainly valvular stenosis is well suited to direct incisional separa¬ 
tion. The crux of the situation simply stated would seem to be—how often is the 
stenosis valvular and how often is it infundibular? What forms does infun¬ 
dibular stenosis take? What is the nature of valvular stenosis? Can both be 
overcome surgically in a satisfactory manner with sufficient regularity to war¬ 
rant the use of a direct approach routinely ? 

Brock 4 has devoted considerable energy to the study of the pulmonary ar¬ 
tery-conus segment in cyanotic heart disease in the hope that clarification might 
lead to a direct and more logical approach. His findings and subsequent con¬ 
clusions are brilliant examples of the very basic role played by exacting patho¬ 
logic observation in the development of any new surgical procedure. He has 
described the following variations as depicted very diagraminatically in Fig. 1: 
(a), pure valvular stenosis, (b), a high degree of pulmonary artery hypoplasia 
with a bicuspid valve and stenosis lying immediately subvalvular in a narrowed 
muscular channel, (c), a high infundibular stenosis proximal to a relatively 
normal pulmonary artery and valve (the commonest type), and ( d ), a low 
infundibular stenosis at varying levels, creating a small or large infundibular 
chamber (third ventricle) proximal to a normal pulmonary artery and valve. 
The wall of this chamber may be either thin and fibrous or muscular in nature. 

These observations, some obtained by direct examination of specimens and 
others gleaned from the existing literature, portray the over-all picture in 
generalities only but give no specific statistical data as to their incidence in a 
given number of cases. It is to be noted that of Brock’s twenty-six eases of 
tetralogy of Fallot treated by the direct cardiac approach up to mid 1950, 5 
fifteen were associated with valvular pulmonary stenosis, and eleven had an 
infundibular block to the pulmonary flow. There were three deaths in each 
group, an outstanding achievement at this early stage in the development of a 
new and revolutionary operation. He has stated that infundibular stenosis is 
more common than valvular stenosis in such cases, hence the incidence as re¬ 
corded in these twenty-six eases cannot be taken at face va ue, or t ey were 
not consecutive cases. 


A review of the early descriptions of Sandefort, 6 Corvisart,' Bartholemim, 8 
Abernethy, 9 Farre, 10 Peacock, 11 Fallot, 12 and Keith 13 has shed no further light 
on the subject. Hope 14 described one ease of tetralogy m an 8-year-old child 
whose pulmonary artery orifice was contracted “to the size of a goose quill,” 
which is suggestive of a valvular stenosis. In Fallot’s original papers 12 the 
first case showed a flattened and lengthened infundibulum forming a narrowed 
channel. The pulmonary artery was conical in shape with e base of the cone 
at its origin. The pulmonaiy cusps were fused and contained a small orifice. 
Ke th 13 examined more than two hundred seventy cases of malformed hearts. 
One hundred forty-one of these were “imperfect because of a lesion connected 
?„th the transformation of the bulbus cordis (mftind.bulum) dunng the de- 
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velopment ol the embryoAt leas fort«eeen ^hes^nj P r »^* 
her more, had some degree of valvular stenosis. Hm material 

autopsied pa :rs 

had survived more than fifteen yearn. Valvular stenosis mas present in 
emht. hvpoplastie pulmonary artery with two pulmonic cusps “ Q 

subvalvar stenosis mas present in eight ^ md 

type in one. The pulmonary artery mas described as dilated in fi'e cases, an 

was normal or hypoplastic in thirteen. 




Fig. 1.—Types of pulmonary obstruction encountered in the tetralogy of Fallot: a, pure 
valvular stenosis: b, pulmonary artery hypoplasia with biscupid valve and subvalvular steno¬ 
sis; c, high infundibular stenosis with normal valve; and d, low infundibular stenosis with 
normal valve. The other pathologic components of the tetralogy of Fallot are not shown 
(b, c, and d). (Reproduced by permission of J.A3LA.) 


Taussig, 16 Blalock and Kiefer, 11 Potts. Gibson, Hiker, and Leininger, is 
Parker, 19 Edwards,- 9 and others feel that in the majority of instances the pul¬ 
monary stenosis in the tetralogy of Fallot is in the pulmonary conus of the 
right ventricle, the infundibulum, rather than in the valve itself. 

Doyen, 11 in 1913, mas the first to attempt the direct relief of the pulmonary 
stenosis in the tetralogy of Fallot. His case had a subvalvular stenosis,' and 
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did not survive the procedure. Seliors 22 was the first to revive the direct eai’diac 
approach, and performed the first successful pulmonary valvulotomy on record. 
His patient was also suffering from bilateral pulmonary tuberculosis, and at 
last report was progressing satisfactorily in a sanatorium. 

A complete review of the literature has not been included in this report, 
but will be the subject of a future communication. 

At the onset of the present study herein reported, the authors were fully 
cognizant of the existing pathologic concepts and the prevailing opinion con¬ 
cerning these data. Nevertheless, it was considered feasible and altogether de¬ 
sirable to determine at first hand the practicability of employing direct intra- 
cardiac measures regardless of current impressions, no doubt prodded by a meas¬ 
ure of success obtained in the surgical treatment of mitral stenosis acquired in 
the face of overwhelming odds based on time-honored pathologic and technical 
misconceptions. 23 This attitude was stimulated not a little by the recent visit 
of Brock to this country, and by his initial writings. The authors agreed, and 
it is still their opinion, that the pulmonary stenosis under consideration by 
embryologic design is primarily infundibular (development of hulbus cordis 
inclusive of the conus arteriosus). It is essential to remember, however, that 
the main pulmonary artery, the aorta and their contained valves, share in this 
developmental process. Every conceivable variation can occur, and indeed has 
been reported, so that malformations can exist in the muscular infundibulum, 
and/or the valves and/or the pulmonary artery singly or in combination. Per¬ 
haps in the majority of instances a measure of stenosis is present in the right 
ventricular outflow tract, but this narrowing is one of degree and may or may 
not play a part in the production of the clinical picture. The channel may he 
long and narrow throughout, or it may he constricted at cither end. The 
channel maj r be quite adequate, although narrowed by normal standards, for 
the passage of blood with the obstructing factor localized in the valvular de¬ 
formity or in the pulmonary artery itself. Only by observation and examina¬ 
tion of the heart in the living state can these changes he fully appreciated from 
the functional standpoint. In the past, too many dictums have been proclaimed 
as the result of post-mortem examination which may he deceptive or represent 
extreme states, especially when death occurred at an early age. It must he 
realized that the heart as a avIioIc and in part is a muscular walled tube under¬ 
going marked variation in size with systole and diastole. Even though ana¬ 
tomically imperfect, only a part of this imperfection may be the underlying 
causative factor. Considerable experience with and direct sciutmy of the mal¬ 
formed area will he required before the exact pattern—anatomic and func¬ 
tional-can lie properly evaluated and most effectively corrected. 


TECHNICAL CONSIDERATIONS 

The technique employed in this series is a modification of that originally 
described bv Brock and by Scllors. 

The patient is placed in the supine position and anesthetized A left an¬ 
terior submammarv incision is used. This permits rhythmic inflation of both 
lung w thout embarrassment to the operator in his intracard,ac manipulations. 
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Gtesll « ir , mtusl lie token “A'fll* hemostasis, since the of th<*e cyanotic ln- 
dMtafr not reudiiv dot. I« two oC the cases it fa«i 
reopen tbe thon* to stop percent from ^ ^ of 1 ^ 

incision ami from the chest wall. The extensive vascularity «j ali^ I>' 
tiuulariy in older individuals with cyanotic heart di^ase. ?»*»«> ■ 

this tendency to bleeding. 

The third intercostal space is widely opened, the costal cartilages tem t? 
fractured or cut. if necessary. The internal immumy vessels.are d.vu ed be- 
tv,™. damps and heated. The left him? usually becomes nightly wAUipwl 
and remains out of the operators field, even when partially inflated by posjtne 

JW^ire. 



rivs. 2.- 


-V^ttorta Aftotattogi ttf tsVlw/szhsy &9 Vmy wfafy fn&SwtJte wJwrtfSctJon 2 it Its ortzm from 
s$%fo\ Hvgigwsilv*: of vnaftwtiar tfroswlx. 


(’ate must, lie taken that the lower Made of the fixed rib spreader does not 
compress or traumatize the cardiac apex. The pericardium is picked up by a 
fine liemoxiat, one centimeter anterior to the left phrenic nerve. and incised, 
dhe incision is made parallel to the nerve, and extends superiorly over the pul¬ 
monary artery. It is advisable to limit the lower extent of this pericardial open- 
sn, 4 ao as to preserve its protective action against overdistention of the ventricles, 
atid to prevent a tendency to displacement of the heart out of the sac. 3 Jow- 
ever, one rnnst have enough room to perform the essential maneuvers within the 
h'xrt, and this may require extension of the pericardial incision to the, dia- 
pSitag-jn, 


_ Severe! cotton or silk sutures are placed in the media! lap of the pericardial 
irtcKaon, and are attached to the rih spreader in such fashion that the sac is 
ne;.d open and the heart is somewhat rotated from its midline position toward 
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the left. This rotation brings more of the right ventricle into view, and the 
exposure may be increased by converting the original longitudinal opening into 
a L-shaped one by adding a medial extension at the lower extremity. 

The field is now inspected and palpated in an attempt to make an exact 
anatomic diagnosis. A fusiform dilatation of the pulmonary artery with definite 
constriction at its origin from the right ventricle is almost pathognomonic of a 
true valvular stenosis (Fig. 2). Palpation of such a dilated vessel will reveal 
general flaccidity, or lack of tension, within it, except at the moment of cardiac 
systole. A systolic thrill is palpable over the vessel. In the young subjects with 
dilated pulmonary arteries, there has been noted a localized systolic bulge in the 
vessel wall, and at this point the thrill is most intense. In older patients this 
bulging is absent or minimal. Digital compression of the vessel from without, 



at this point, sometimes permits palpation of a small volcano-like structure at 
the cardiac end of the vessel. This erupts at each systole with a jet of blood 
from the heart. More vigorous pressure against the crater of this volcano” 
completely prevents the entrance of blood into the artery and removes all trace 
of the thrill (Fig. 3). Because of the high interventricular septal defect, the 
riaht ventricle still has an adequate outlet and, therefore, is not immediately 
embarrassed either by this digital obstruction or by subsequent complete ob¬ 
struction from within by dilating sounds. Sometimes, even m a well-developed 
nulmonary valvular stenosis, the artery is not enlarged, and occasionally may 
pulmonary there may be a high infundibular 

even be;“n^tesubvalvar region. Such a high infundibular stenosis, 
alone^of 1 combined with a valvular atenoaia, is probably not too uncommon, and 
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may have been present in a number of cases which we interpreted as being t ml- 
vidar Such a defect would respond well to the usual treatment, applied to the 
true valvular type, and so does not seriously complicate the surgical manage¬ 
ment. 

In certain instances, fortunately rare in children more than 1 year of age, 
intrapericaTdial inspection will reveal a generally hypoplastic main pulmonary 
artery, or one with a stricture or coarctation at some point along its course. 
The thrill null then be felt along the course of the vessel distal only to the point 
of obstruction. 

In cases of infundibular stenosis, which may make up approximately half 
of the cases seen after 1 year of age, the pulmonary artery is usually small. 



Fig. I.—Variable sized bulge outlining the underlying infundibular chamber. Small vascular 
channels frequenUy overlie the segment of true constriction. 


It may, however, fan out or funnel out slightly at its distal extremity. The thrill 
will be felt rather diffusely along the course, hut will also usually be felt over 
the distal ventricle. This thrill over the ventricle tends to differentiate the con¬ 
dition from cases of valvular or arterial stenosis which do not present a thrill 
over the ventricle. 


Sometimes a thin-walled infundibular chamber can he made out distal to 
an “isthmus” or waistlike narrowing of the right ventricle (Pig. 4). This 
may be a very small chamber varying from a pea to a cherrv in size! Or it may 
be a sizeable structure, the size of an egg. In other cases it is just as thick and 
muscular as the true right ventricle. In such cases the diagnosis is less easilv 

vSl b 'w ln ?° Ct50n ' Even here - ^ever, there may be a waistlike effeet 
isible blood vessels running in a direction different from the course of the 
normal coronaries may outline this “waist” and its underiving septum (Pig 4) 
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In no case should an opening be made into a thin-walled infundibular 
chamber, as the tissues may not be strong enough to hold reparative sutures. 
A muscular infundibular chamber may, however, be entered with impunity. 

When a valvular stenosis is clearly present, or strongly suspected, we in¬ 
ject the anterior wall of the right ventricle with 0.5 per cent procaine solution 
to lessen the likelihood of producing a ventricular arrhythmia. Two transverse 
stay sutures of heavy silk are then inserted deeply into the myocardial wall so 
that it can be incised in a transverse direction about 2.5 cm. below the level of 
the valve. A very tiny transverse opening is then made, and a small urethral 
sound is inserted through it until it enters the ventricular chamber. Extreme 
care must be taken that this sound does not pass far beyond the endocardium, 
lest it pass below some of the papillary musculature attached in this region. It 



juiat 


Fig - . 5.—Malleable probe, or urethral sound, passed into 


and through the tiny valvular orifice. 


is then directed up toward the valve and through it mto the pulmonary artery. 
In a small child a No. IS or 20 standard sound will usually become tightly 
"ripped by the stenotic valvular orifice (Fig. 5). Having passed the sound 
through the valve, the direction for passing the valvulotome is established, since 
it can be bent in a curve similar to the sound. The sound is now withdrawn until 
its tip is close to the endocardial wall, and is redirected so that it may be passed 
down toward the apex of the right ventricle. Failure to meet mtracardial ob¬ 
struction rules out the' presence of any significant infundibular septum. It j s 
then nassed up into the aorta if the diagnosis of tetralogy has not previously 
tZ established. If the operator is now satisfied as to the absence of „ in . 
fundib tier and the presence of a valvular stenos.s the sound .s removed from 
L heart and bleeding from the puncture wound ,s controlled by d.g,, al pres- 
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sure and traction on the stay sutures. I£ there remains any doubt as to the exact 
anatomic diagnosis, the myocardial incision is enlarged, and a finger of the lett 
hand is inserted into the right ventricle. The little finger is chosen m children, 
but the index finger is more adept and, therefore, preferable m adults. It can 
be inserted through the pulmonary valve if not stenosed, through the high ren- 
tricnlar septal defect, and back to the tricuspid valve region of the ventricle. 
This method of digital intracardiae examination has much to commend it, and 
little but psychologic inhibitions to prevent its much wider application. 

Having established the presence of a valvular stenosis, the operator will 
choose a suitable sized valvulotome of the Brock type. We prefer the so-ealled 
“universal valvulotome” (G. P. Pilling & Sons) because the flat malleable 
handle permits adjustment to various anatomic variations and causes less bleed¬ 
ing from the heart (Fig. 6). It is our practice to estimate the proper sized 
valvulotome with relation to size of the pulmonary artery at the level of the 
constricting ring. We then select the next smaller instrument. Failure to 
choose a smaller valvulotome than the exact estimated size once resulted in di¬ 
vision of the entire thickness of the arterial wall as well as the valve ring. 



Fig. G.—Fiat malleable universal valvulotomes used for division of valvular stenosis. These 
can he molded to fit the conditions present in individual cases. 

While such an inadvertent incision of the lateral or medial walls of the pul¬ 
monary artery may be readily sutured, unnecessary blood loss and additional 
risk to the patient is the natural result. The possibility of such an accident 
should moreover point the advisability of incising the valve in a horizontal 
plane. If the valvular division should be made in a vertical plane, the possi¬ 
bility of inadvertent injury to the posterior (inaccessible) wall of the artery, 
technically nearly impossible to suture, would be ever present. 

Having chosen the valvulotome, it is inserted through the mvocardial in¬ 
cision. Brock usually passes his knife so that the anterior mvocardial openirm 

laniW AV 1 ’ r0t , at “ g I 1 ’" inStrument ninety degrees af ter entering the cardiac 
thronl' i ' P ^ t0 h3Ve the i,,StrUmcnt ente1 ’ the ventricular chamber 
dicer tin UaTmerse W-ocardial incision since it then, by slight upward re- 
ectmn as soon as it enters the chamber, is already in position to enter and 
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cut the pulmonary valve without danger of dividing a papillary muscle. The 
valvulotome is smoothly passed until the olivary tip seeks out and passes through 
the tiny apical valvular orifice. By further passage the somewhat cartilaginous 
resistance of the valve is overcome, and the instrument passes freely up into the 
lumen of the pulmonary artery where it becomes readily palpable through the 
anterior arterial wall (Fig. 7). 

The instrument is then removed from the heart, and bleeding is controlled 
by digital pressure, perhaps with slight upward countertraetion with the stay 
sutures. A few minutes should be permitted to elapse to observe the response 
to this maneuver. Then, we feel that one dilating instrument should be passed 
through the pulmonary valve to obtain the widest possible aperture without 
further rupture of the valve or vessel. Brock has a special dilator which he 



Pig. 7.—The valvulotome dividing the stenosed valvular cone into a biscupid valve. 

recommends. An ordinary urethral sound of adequate size is most satisfactory 
in our hands. Probably the left little finger or the left index finger is the best 
of all dilating instruments at this stage, permitting tactile orientation and ap¬ 
preciation, as well as manual enlargement of the opening (Fig. 8). 

After dilatation, tiie finger or instrument is removed from the heart, the 
stay sutures are crossed to control bleeding, and interrupted cross sutures are 
applied to approximate the cut muscular edges. The stay sutures may be tied 
or removed. The pericardium is reconstructed at least to cover the line of myo¬ 
cardial incision. Very careful hemostasis is employed in closing the chest be¬ 
cause of the previously mentioned tendency to bleeding. The pleura is always 
drained by a No. 26 urethral catheter connected with a water-seal bottle. 
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, • w t1w relie£ of an infundibular obstruction is, of course, 

s SleU ~ ->• * - — 

circumstances. n-nerator should have 

Haring inspected and palpal rf a „ in£lm aibular stenosis. 



Fig. g.-—The left index finger, or largest urethral sound, passed through the divided valve to 
insure patency, not to produce additional dilatation or splitting. 


over the infundibular septum so that ire can bite or rongeur out a sizeable por¬ 
tion of it. Naturally, ire take great pains not to extend any of the myocardial 
incision over a thin walled infundibular chamber which is sometimes present. 

Usually a small knife puncture is made at the selected point, and a small 
urethral sound is inserted through it into the heart. By passing it successively 
up through the pulmonary valve, through the high septal defect into the aorta, 
and again down toward the apex of the ventricle, an idea of the nature of" the 
obstruction can be obtained. Better yet, the left little finger, or even the index 
finger, may be inserted into the heart and passed successively in the same di¬ 
rections. Usually, one of two situations is found. There is either a high sub- 
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valvular membranous stenosis, or there is a transverse muscular septum at a 
lower level, and usually it is immediately under the middle of the myocardial 
incision if that has been correctly placed. 

In the former instance (high stenosis), while the finger is in place, the 
proper sized flat-handled valvulotome may be passed alongside the finger and 
up through the obstruction out into the pulmonary artery in a manner similar 
to that used for valvular stenosis, but this time guided by the intracardiac finger. 
After dividing the stenosis, the instrument is removed and the finger is passed 
up into the pulmonary artery as a dilator. 

In the lower infundibular stenosis the exploring intracardiac sound or, 
preferably, finger reveals the transverse muscular septum. If the myocardial 
incision is directly over it, it may be extended to better straddle the septum. 
A pair of modified bone rongeurs (Fig. 9) is then plunged into the heart, jaws 
open to engage the septum. A good-sized bite of tissue is thus removed, usually 
widely interrupting the continuity of the obstructing septal wall (Fig. 10). 



Fig. 9.—Small double-action rongeur with sharp cutting edges and deeply umbilicated to hold 

the resected specimen. 

The use of this ronguer is most suitable in older children or adults. In infants 
and small children we prefer a small-sized pituitary forceps as suggested by 
one of us (D. F. D.). The operator’s finger controls bleeding from the heart 
just before and after the rongeurs are inserted. It may be considered necessary 
to remove a second bite of septal tissue in the same vat. The finger now 
momentarily re-enters the heart, to reveal complete continuity of the in¬ 
fundibular and true right ventricular chamber. The stay sutures are crossed 
and the myocardial incision is closed as previously described in the valvular ease. 

In the case with extreme hypoplasia or atresia of the pulmonary artery, no 
direct relief of the obstruction will be possible. Such cases must always be 
treated by either a Blalock-Taussig or a Potts-Gibson systemic artery-pulmonary 
artery anastomosis. However, there are some cases m which the pulmonary 
nrterv at the level of the valve seems to be of normal size. About a centimeter 
above the valve the vessel becomes abruptly narrower like an aortic coarctation, 
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only to again become normally large at the level of its bifurcation. The thrill 
in such eases is felt in the artery distal to the stricture. This condition may be 
treated by passing successively larger sounds through the stenosed area until 
it is felt that blood flow has been substantially increased. The same type of 
myocardial incision is used as has been outlined. 


ANALYSIS OF CASES 

An analysis of thirty consecutive cases of tetralogy of Fallot treated surgi¬ 
cally by the direct intracardiac approach forms the basis of this report. Not 
included are our cases of “pure" pulmonary stenosis, usually valvular, in which 
there is an intact interventricular septum without overriding of the aorta. A 
separate report of this series will be presented in the near future. 



of the ^ elassica] clinical features 

nail beds, exaggerated bv phvsical activitr' i if c ' ;mosls °i the lips and 
slightest exertion, were characterLtic t? Ik- ^ d ‘ VSpnea ou the 

electrocardiographic pattern, fluoros'cop c"and ™ ^ ^ ^ Clinieal ^^gs, 
m twenty-four of the thirtr was cmnfirnk g - 6n pieture - the diagnosis 

demonstration of immediate and simukl by the “^graphic 
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Table I. Cases op Tetralogy op Fallot Treated by Direct Intracardiac Surgery 
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IXTRACARB1AC RELIEF OF PULVIOXARY STEXOSIS 


Protocols of the more recent cases are similar in type except for the usual in¬ 
dividual variations and will not he enlarged upon here. Table I contains the 
essential data in each instance. 


VALVULAR STEXOSIS 

Surprisingly, in fifteen (50 per cent) of the group, ready egress of blood 
flow from the right ventricle was obstructed by stenosis of the pulmonary valve, 
a much higher incidence than has been presumed to occur in this combination 

of defects. 

The presence of a valvular stenosis could not be predicted preoperativelv 
with certainty. Their preoperative clinical course did not vary appreciably 
from the group as a whole. The position or character of the usual systolic mur¬ 
mur over the precordium was not diagnostic. Laboratory studies shed no light 
as to the type of pulmonary block. Catheterization studies done in a few yielded 
high pressures (50 to 80 mm. Hg) in the right ventricle and low pressures in 
the pulmonary .artery (5 to 30 mm. Hg) when entered. The site of obstruction 
could not be accurately determined by observing the passage of tlie catheter in 
its course through the right ventricle fluoroseopically. 

Angiocardiographic examination was perhaps of greater value than all 
other studies combined. As a rule, although not invariably true, the presence 
of valvular stenosis could be strongly suspected by the demonstration of a large 
pulmonary artery in which the diodrast tended to “hang up” throughout the 
entire study on successive films (six to eight seconds). Post stenotic dilatation 
of the pulmonary artery was observed hut not with the frequency and clear 
delineation frequently seen in “pure” pulmonary stenosis with intact ven¬ 
tricular septum. 

Direct inspection and palpation of the heart and great vessels through the 
open pericardium at the time of surgery provided the most definitive answer 
as would be expected although in several instances even this examination left 
some doubt as to the exact nature and location of the obstructing deformity 
(see above, under technique). 

The average age at the time of surgery in this group was 13 years, the 
oldest patient being 36 years, and the youngest 2 months. Nine were males 
and six females. There was a normal left aortic arch in eleven, right aortic 
arch in four. 


The results obtained could not have been more dramatically divergent. 
These patients either did beautifully or did not survive. Six were obviously 
excellent , and this was apparent within a short time after surgery. Their pres¬ 
ent activities are unlimited and, except for a faint, scarcely noticeable (to the 
suspicious observer) bluish tinge to the mucous membranes of the mouth after 
vigorous exercise, they have no cyanosis. Five are regarded as very good. 
■ _ cal ™ ot T ,!tc ean T on complete normal activity in all its phases for their 
"imvichial age group. As the lapse of time from the date of surgerv in the 
o est of these is slightly under a year, there is every reason to believe that 
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further improvement can be expected. One additional case (Case 28) is pro¬ 
gressing exceptionally veil at this time, but an insufficient period has elapsed 
to warrant classification of the result. 

There,were two operative deaths. In the first (Case 18), a child of 2 years, 
the pulmonary artery was found to be very small. Cardiac action deteriorated 
as the pericardium was opened. It was feared that the insertion of a Brock 
knife into this small pulmonary artery could not be accomplished with safety. 
Accordingly, a dilating sound was inserted through the stenosed valve. Cardiac 
action ceased and, in spite of vigorous resuscitative measures, the child died. 



TETRALOGY OF FALLOT 

_ „ . „ w.-tli ETHDe-sized infundibular chamber proximal to a 

Fig. 11- High infunaibular o MenosiS v W.th ( jrape S .zW specimen ., 

The second patient (Case 19) was a 2 -month-old infant with hydrocephalus. 
The pulmonary artery'was somewhat smaller than normal. A valvulotomy was 
performed, and the infant’s color became pink almost immediately. The entire 
procedure from skin to skin required only twenty-five minutes Only 10 c.c. 
of blood were lost. About one hour postoperatively he exhibited some respira¬ 
tion distress. He was bronclioscoped, and a small amount of mucus 

_ ... , . i-it_ominpnf.lv safisfaetorv 


tion distress. He was Droncnoscopuu, «.*u» --- . mucus was as¬ 

pirated. Thereafter, his condition was eminently satisfactory for five hours. 
Then suddenly, over the course of ten minutes, he deteriorated. Cardiac action 
was strong, the lungs were clear, and there was no obstruction to the airway 
which could be demonstrated bronclioseopically. Nevertheless, his respirations 
became weaker and weaker, and finally ceased, Autopsy was limited to the 
, f It was found that the stenosed pulmonary vahe had been converted 
nto a bicuspid valve, and an adequate lumen existed It is hypothesized that, 
•n view of the hydrocephalus, the infant died of central causes. 

A third patient (CaseS) died thirteen weeks postopcrat.valy Her demise 
1. rib ,.table to a blood transfusion reaction follow,„ c a s e com] 

operation^ bt„ it must be attributed ultimately to tlie initial pulmonary val . 


31 


GLOVER ET AL. : INTRACARD1AC RELIEF OF PULMONARY STENOSIS 

vulotomy Following incision of the valve, too large a sound was passed into 
the pulmonary artery. Pulmonary and tricuspid insufficiency became severe, 
and several weeks postoperatively plication of the pulmonary artery in the 
region of the valve was accomplished in an effort to decrease the lumen. 1 
severe transfusion reaction occurred postoperatively and, after a stormy course 
of ten days, the patient died. 

INFUNDIBULAR STENOSIS 

An obstructing malformation of the pulmonary conns area (infundibulum) 
was present in twelve instances. For the most part the distortion of the light 
ventricular outflow tract followed a set pattern, although it varied sufficiently 
to permit classification into four categories based primarily on the size of the 
infundibular chamber and the position of the obstructing tissue. 



1 F i?" 12 ‘—Type of specimen removed by rongeur resection. To the left, a portion of mus¬ 
cular ridge and overlying endocardium at the infundibular orifice. To the right an additional 
section of muscular septum removed to insure complete patency. (Photographed from specl- 


1. Six cases (50 per cent) in this group were of the common type designated 
m Brock’s classification above (Fig. 11). These had a high infundibular 
stenosis with a grape-sized infundibular chamber proximal to a normal valve. 
(Cases 2, 3, 6, 8, 15, 21). The point of muscular and fibrous obstruction was 
narrow, and lent itself readily to resection (Fig. 12). Two of the four patients 
in the infundibular series who died had this type of obstruction and are com¬ 
mented upon below. 


2. Three cases were subvalvular in type, and were so immediate^ proxima 

(Cat" Tl? oof m ffCrentiati0n fr ° m true 'alvular pathology wns difficull 
' ■ ’ 29) - Two were ^sected and one was opened with the valvulot 

alter the manner used in valvular stenosis (Fig. 13). There were no d 

w it h\ w UV ° 03863 there WaS 3 high f3e ^ ee of Pulmonary arterv hvp 
ng. narrow muscular channel proximal to a split-pea sized suiiv 
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further improvement can be expected. One additional case (Case 28) is pro¬ 
gressing exceptionally well at this time, but an insufficient period has elapsed 
to warrant classification of the result. 

There, were two operative deaths. In the first (Case 18), a child of 2 years, 
the pulmonary artery was found to be very small. Cardiac action deteriorated 
as the pericardium was opened. It was feared that the insertion of a Brock 
knife into this small pulmonary artery could not be accomplished with safety. 
Accordingly, a dilating sound was inserted through the stenosed valve. Cardiac 
action ceased and, in spite of vigorous resuscitative measures, the child died. 



TETRALOGY OF FALLOT 

. • DP-sized infundibular chamber proximal to a 

,F if? . 11- High infundibuIar^steno^s^vRh »*ed > spec!men .) 

The second patient (Case 19) was a 2 -month-old infant with hydrocephalus. 
The pulmonary artery was somewhat smaller than normal. A valvulotomy was 
performed, and the infant's color became pink almost immediately. The entire 
procedure from skin to skin required only twenty-five minutes^ Only 10 c.e. 
of blood were lost. About one hour postoperatively lie exhibited some respira¬ 
tion distress. He was bronclioseoped, and a small amount of mucus was as- 
nirated. Thereafter, his condition was eminently satisfactory for five hours. 
Then suddenly, over the course of ten minutes, he deteriorated. Cardiac action 
was strong, the lungs were clear, and there was no obstruction to the airway 
which could be demonstrated bronehoscopically. Nevertheless, Ins respirations 
became weaker and weaker, and finally ceased.. Autopsy was limited to the 
heart It was found that the stenosed pulmonary valve had been converted 
' i •miQold valve and an adequate lumen existed. It is hypothesized that, 

the infant M of central c.ttse, 

in urn Oi t‘ie 5) die d thirteen weeks postoperatively. Her demise 

V hl ;. d attributable to a blood transfusion reaction following a second 
was directly att attributed ultimately to the initial pulmonary val- 

operation, but it 
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of the infundibular patient is the poorer, and that fewer live to an age where 
the best surgical result can be obtained because of their more complicated mal¬ 
formations. “ This thought is not borne out., however, by analysis of Brock s 
series, although his cases were selected rather than consecutive. Six were males, 
and an equal number females. There was a normal left aortic arch in eight, 
right aortic arch in four. 

There were four operative deaths. In the first (Case 12), a girl of 2 years, 
the heart slowed and stopped as the pericardium was opened. After five minutes 
of rhythmic manual contractions fortified by a small intracardiae injection of 
adrenalin and atropine, a vigorous heartbeat was restored. The pulmonary 
artery was quite small, the branch to the. left lung being greatly atrophic. The 
usual myocardial incision was made, one bite taken from the muscular obstruc¬ 
tion with difficult and more than average manipulation and blood loss. Heart 
contractions ceased as the myocardial incision was being sutured. Efforts 



toward resuscitation were ineffective. Post-mortem examination of the heart 
revealed an infundibular muscular channel with a very tiny chamber proximal 
to a normal valve (Fig. 14). In all probability this type will he most difficult 
to relieve directly by methods now in use. A shunt procedure could not have 
oecn pertormed on the left in this ease. 

ano™r * Tv 4 • VearS - was a gM who had multiple and severe congenital 
'vv , 131 addltlcm to her cardiac malformations. She was deaf, mentallv 
efieiem, and had peculiar bony deformation of her rib cage. The pulmonarv 

t abV - ° f “ 0nnal A ^ be''felt on t£tSS 
- ace oi the pulmonary artery, even though the obstruction was infundibular 

iactorn, and the myocardium was sutured. The heart slowed, but 
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of the infundibular patient is the poorer, and that lever live to an age J 
the best surgical result can be obtained because of their more complicated mal¬ 
formations. This thought is not borne out, however, by analysis ot Block s 
series, although his eases were selected rather than consecutive. Six were males, 
and an equal number females. There was a normal left aortic arch in eig 1 , 

right aortic arch in four. 

There were four operative deaths. In the first (Case 12), a girl of 2 years, 
the heart slowed and stopped as the pericardium was opened. After five minutes 
of rlivthmic manual contractions fortified by a small intracardiac injection of 
adrenalin and atropine, a vigorous heartbeat was restored. The pubuonary 
artery was quite small, the branch to the left lung being greatly atrophic. The 
usual myocardial incision was made, one bite taken from the muscular obstruc¬ 
tion with difficult and more than average manipulation and blood loss. Heart 
contractions ceased as the myocardial incision i\as being sutured. Bfioits 



toward resuscitation were ineffective. Post-mortem examination of the heart 
revealed an infundibular muscular channel with a very tiny chamber proximal 
to a normal valve (Fig. 14). In all probability this type will be most difficult 
to relieve directly by methods now in use. A shunt procedure could not have 
been performed on the left in this case. 


Case Id, aged 4 years, was a girl who had multiple and severe congenital 
anomalies m addition to her cardiac malformations. She was deaf, mentallv 
eticieut, and had peculiar bony deformation of her rib cage. The pulmonarv 
artery was soft, flabby, and of normal size. A jet could be felt on the anterior 
^nr ace or the pulmonary artery, even though the obstruction was infundibular 

more s Sfa U t eniPted i”® 8 *"’ blU Uttle " as removed - A second bite seemed 
actorj, and the myocardium was sutured. The heart slowed, but 



34 


THE JOURNAL OF THORACIC SURGERY 


vigorous action returned shortly. Examination failed to indicate improved 
blood flow in the pulmonary artery. The incision was reopened, two more bites 
taken, and the incision closed. Irreversible cardiac arrest ensued. Examination 
of the specimen revealed that, although adequate tissue had been removed, if 
properly taken, the obstructing ridge still remained intact (Fig. 15). There 
was a bicuspid valve partially stenosed. 

The third patient (Case 21), a boy aged 2 years, was in a very precarious 
condition, and the operation was performed as a semi-emergency. This patient 
was deaf, dumb, and blind, with microphthalmia and microcephalia. The pul¬ 
monary artery was small, and a slight thrill could be felt on its anterior surface 
and over the distal portion of the pulmonary conus. The myocardium was 
opened directly over the obstructing infundibular ridge, an adequate bite was 
removed in the right place, and the wound closed (Fig. 16). The procedure 
was carried out with dispatch with only average trauma and blood loss. Within 
a minute the heart stopped and could not be revived. It is possible that the 
cerebral changes in this patient could not tolerate this or any other type of 
surgery. Examination revealed that a proper bite had been taken. There was 
an adequately functioning bicuspid valve. 


BH? age 4 case 15 



Pi „ 15 .—A resection of infundibular taken erroneously proximal to supraventricular crest. 
h ‘ (Drawn from specimen.! 


The last patient (Case 25) was a boy, aged 4 years, in reasonably good 
•ondition. The pulmonary artery was small, and a soft thrill could be felt over 
t and the distal ventricular outflow tract. The nature of the infundibular ob- 
struction was confusing. The myocardial incision was made over the narrowed 
nuscular channel, and a finger inserted to dilate the long narrow channel. 

___ to nrivfl and partially split m a stellate manner. The inci 


muscular channel, ana a “ 

opening was felt to give and partially spht in a stel ate manner. 

Z closed, the heart slowed. Gentle massage q.uckly restored a 


The 
incision 


,o <5 closed, the heart siowcu. — - ~ - . - . normal beat, 

S (he chest was partially closed. Difficulty m mau.tam.ng adequate re 


i'espira- 
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torv exchange was experienced, and shortly thereafter the heart stopped and 
could not be revived. A complete plug was found blocking the intratracheal 
tube. Examination of the specimen revealed that the dilatation had been off 
center, and a split had been made in the ventricular septum (Pig. IT). 

STENOSIS OF THE PULMONARY ARTERY 

There were three eases in which a localized constriction occurred in the 
main pulmonary artery distal to a normal pulmonary valve but proximal to the 



WG.d age 2 (case 21) 

Fig. 16. An adequate resection of a portion of the infundibular ridgeliUe obstruction. (Dr awn 

from specimen.) ' V4a ui 



¥*.u.o age 




^ Supraventricular 0 crest area .caving 
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bifurcation of this vessel into its right and left major branches (Cases 11, 14, 
20) (Pig. 18). These patients presented the identical clinical picture of the 
other patients in this series, nor were there any points of variation in their 
routine diagnostic studies. An angiocardiogram was successful in only two 
of the three in this group. The pulmonary artery appeared small in both, and 
no suggestion of the constriction found at surgery could be detected in it either 
preoperatively or at re-examination after surgery. 

Direct inspection and probing of tire ventricular outflow tract and pul¬ 
monary valve at the time of surgery failed to reveal any evidence of significant 
obstruction to the flow of blood except in the localized area as described above. 
The introduction of graduated sounds seemed to accomplish a most satisfactory 
enlargement of the arterial lumen. The eventual fate of a dilatation procedure 
such as this must await the verification of time. 



Fig. 18.—Localized constriction of the main 
valve. The method of dilatation 


ilmonary artery distal to a normal pulmonnrv 
inloying graduated urethral sounds. a y 


The average age at the time of surgery in this group was 7 ye avs, the pa¬ 
tients being 2, 5, and 15 years, respectively. Two were boys, one a girl. I n each 
there was a normal left aortic arch. 


DISCUSSION 


In these thirty eases there were seven deaths, a mortality rate of 23.3 per¬ 
cent One death (Case 5) occurred thirteen weeks postoperative^ as described 
above so that the actual operative mortality was -0 per cent In the valvular 
group the mortality was 20 per cent, but if Case 5 is not considered an operative 
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death, the rate drops to 13.3 per cent, 
was 33.3 per cent. There were no 


The mortality in the infundibular group 
deaths in the three eases with localized 


stenosis of the pulmonary artery. 

This mortality rate, although high, is quite in keeping with the early re¬ 
sults obtained with anastomotic procedures. Blalock-" reported an over-all 
mortality of 22 per cent in the first one hundred forty-four patients, with a diag¬ 
nosis of'pulmonic stenosis subjected to the production of systemic artery-pul¬ 
monary artery shunt. It is reasonable to assume that a material reduction in 
this initial rate will be brought about as further experience in the selection or 
eases and in the operative technique is gained; just as it has in the extraeardiae 


procedures. 

Many of the difficulties encountered in the iutra- and postoperative man¬ 
agement of these cases have been and will further be resolved as additional ex¬ 
perience is stained. The most disconcerting intraoperative complication has 
been cardiac arrest. This occurred in twelve patients (Cases 2, 3, b. 12, 15, 
IS, 21, 22, 23, 25. 25, 29). Eight of these recovered through the use of proper 
measures, and some now demonstrate the most satisfactory clinical response in 
the series. Of the four who did not recover, two had associated severe cerebral 
anomalies; it is recognized that such patients as a rule withstand any type of 
surgery poorly. The relatively high incidence of this serious complication is 
probably due to the following factors: (1) improper technique: the surgeon 
was hampered by his lack of knowledge as to the exact anatomical situation, or, 
although this had been determined, he was overeager in his manipulations, with 
resultant overwhelming trauma to the heart; and (2) the patients were not 
c-hosen with regard to their suitability for any operation; they were chosen be¬ 
cause they had die tetralogy of Fallot and could be helped by operation—that 
was the single criterion. 

One case of cardiac arrest may be cited as being of particular interest. 
This was the oldest patient in the group (Case 23). Exposure of the peri¬ 
cardium was delayed because of the necessity of clamping and ligating in¬ 
numerable dilated vessels in the thoracic wall. The pericardium itself was 
covered by a network of dilated, tortuous vessels. As it was being opened, 
cardiac arrest occurred. Despite this, a myocardial incision was made. The 
valve was quickly dilated manually and with sounds. The myocardial incision 
was sutured and alternate manual compression, and release of the heart in¬ 
stituted. Adrenalin and atropine were administered into the ventricle. Myo¬ 
cardial tone improved and a spontaneous beat was established. Ventricular 
fibrillation ensued. Electric shock (110 volts alternating current) caused a 
severe tetanic convulsion and cardiac arrest. The heart then spontaneouslv 
resumed a normal rhythm. The total duration from the initial arrest to re¬ 
sumption of normal rhythm was nine minutes. Four and one-half hours after 
his return to the ward there was such brisk hemorrhage through the drainage 
tube that he was brought back to the operating room and his "chest reopened, 
innumerable bleeding points in pericardium and thoracic wall were ligated or 
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cauterized. His subsequent course was marked by aphasia and a right foot 
drop. Both improved steadily, and although there still remains some verbal 
difficulty he may be considered to have derived remarkable benefit from surgery. 

In the immediate postoperative period, the most challenging complication 
has been the development of signs of cardiac failure. This occurred in eight 
patients (Cases 2, 3, 5, 6, 7, 8, 22, 24). 

Each of these individuals, with one exception (Case 2), was either allowed 
ambulation or assumed the privilege before one week had elapsed. While the 
principle of early ambulation is accepted after most surgical procedures, it is 
not to be recommended when a cardiac chamber has been entered via a myo¬ 
cardial incision. We now feel that a period of at least two weeks should lapse 
before the patient is allowed any but minimal activity. 

Minor pleural effusions have been encountered but have not posed a special 
problem. 

In spite of the disappointing results in some patients and the complications 
encountered in others, it must be concluded that the direct intracardiac approach 
to the problem of pulmonary stenosis, whether it be pure or a part of tetralogy 
of Fallot, 'would appear to be sound and logical from both the anatomic and 
physiologic standpoints. There are some cases which, because of their nature, 
will require a shunt, but these should be determined only after thorough intra- 
pericardial assessment of the anatomic situation. 


SUMMARY AND CONCLUSIONS 

1. Our total experience with the direct intraeardiac relief of pulmonary 
stenosis in the tetralogy of Fallot has been presented. Thirty consecutive eases 
over a period of sixteen months have been analyzed. 

2. Representative literature pertaining to the various types of pulmonary 
obstruction which may occur in the tetralogy of Fallot has been reviewed. In¬ 
formation concerning the relative incidence of infundibular and valvular 
stenosis is scant. Of thirty consecutive cases of tetralogy of Fallot, reported 
herein, the pulmonary stenosis in fifteen was thought to be valvular, infundibular 
in twelve, and localized to the pulmonary artery in three. 

3. The technique of the direct intracardiac appioach for each type of pul¬ 
monary obstruction has been presented, and the results assessed. 

4. It has been pointed out that the currently accepted anastomotic pro¬ 
cedures for the relief of pulmonary stenosis in the tetralogy of Fallot are at¬ 
tended by certain dangers because an additional vasculai defect has been pro¬ 
duced. The direct approach, if it be technically feasible, would appear to offer 
a more satisfactory long-term solution to the problem. 
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DISCUSSION 

DR. WILLIS J. POTTS, Chicago.—Dr. Glover would be disappointed if we did not 
discuss this paper. In speaking of pulmonary stenosis, we must very definitely differentiate 
between the two distinct types; pulmonary stenosis with intact intraventricular septum and 
pulmonary stenosis of the typical tetralogy of Fallot with septal defect. Brieflv a word 
about the first group: ? 

(Slide.) Description of these instruments has not been published, and it misrht be 

m l ° T d a miaUte <leiCr!bill ° tUem ' We have we call an expanding valvulo- 

urolo'nsts the 0 , ^ , 0 ^ be kept SmaU ' ' Ve have Crowed from the 

princSe ' * retreatm S or ***** Wade. The dilator is built on the same 

P ■ dieators on the instruments show how widely the valvulotome or dilator is open 
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(Slide.) Here you see botli instruments completely opened. This basket type of 
dilator is made so that when it is in the pulmonary artery completely expanded, blood can 
still flow through the vessel. This is seemingly rather important. 

(Slide.) The operative approach is a left submammary incision. The closed valvulo¬ 
tome is thrust into the right ventricle. Then by palpation and observation of the pulmonary 
artery we determine how widely to open the valvulotome. 

(Slide.) The valvulotome is thrust through the stenotic pulmonary valve, closed, and 
withdrawn. A finger is put over the opening momentarily and the dilator is then inserted. 
We use the dilator to complete the division of the stenotic valve as we do not dare cut to 
the very edge of the pulmonary artery. The dilator can be rather leisurely expanded as the 
pulmonary artery is observed, and blood can continue to flow through the vessel while this is 
being done. The opening in the heart is closed with two stitches. 

To throw' some light on the subject of pulmonary stenosis with a septal defect, we 
analyzed 24 post-mortem hearts of patients who had died of tetralogy of Fallot. It was 
interesting to find that we had exactly' the same percentages that Dr. Blalock presented 
yesterday. In nineteen of the twenty-four there was infundibular stenosis of varying degree 
or atresia. In four, there was combined infundibular and valvular stenosis. In only one 
was there complete stenosis of the valve itself. In these five patients, incision, not excision, 
would have been a valuable procedure. 

It is appropriate that we bow to the courageous young men, because what they are 
doing is an extremely valuable stimulus to further study. However, in view of the high 
mortality associated with reaming out the stenotic segment, I still feel that we should do 
the shunt operation until one can more safely go inside the heart. 


DR. BAILEY (closing).—We did not attempt to present a pathologic paper, although 
such might have been very desirable. We did not have sufficient pathologic material to 
present anything comprehensive. We presented a technical and clinical paper on thirty 
practically consecutive cases. You will note, both from Dr. Blalock’s statistics yesterday' 
and from Dr. Potts’ today, that we are apparently' out of line with the findings in an autopsy 
series of cases of tetralogy of Fallot. However, Brock, in twenty-six similar living cases, 
found a distribution of types of pulmonic obstruction almost exactly the same as ours. Our 
point would be that this is a living series, the type of patient you are liable to meet to take 
to the operating table, whereas many' of the other cases have probably died at an early age 
and, because of the extremes of pathologic variation, did not live to be considered for sur¬ 
gery. We also feel that part of the discrepancy may be based upon the fact that anatomic 
infundibular septum may be quite different from functional infundibular septum, in that 
probably many hearts which seem superficially normal actually have a residual or partial 
infundibular septum, which a pathologist would so classify if he were looking for it. They 
do not obstruct the flow of blood through the pulmonary- artery and so are not of clinical 


urse, that there is a great difference between pure pulmonic stenosis 
allot. There is no question in anyone’s mind, I think, that the case 


significance. 

We realize, of cour 

and the tetralogy of Fallot. There is no question m anyone’s mind, I think, that the case 
of pure pulmonic stenosis is usually valvular and can be treated very well by the methods 
which Mr. Brock, Dr. Blalock, and Dr. Potts have so well presented. There probably is 
also no great question when true valvular stenosis occurs m tetralogy of Fallot, because 
obviously the direct technique is then quite comparable and the results should be excellent. 
The only argument, I believe, is with regard to the type of surgery for the infundibular 
tvoe We too feel that there is a certain group of severe infundibular stenoses which will 
never be suitable for the direct approach. Our suggestion is that having opened the peri¬ 
cardium an incision be made in the heart and a finger, the little finger or the index Anger 
according to the size of the heart, be passed into the right ventricle, which seems to tolerate 
it weU Then the exact pathology can be pretty well determined and one can immediately 
tell whether there is any hope of doing a direct resection of the obstructing infundibular 
epturn On a theoretic basis, as Dr. Blalock pointed out yesterday, and Dr. Glover today, 
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it would be better to diminish the number of detects by removing the pulmonary obstruction 
rather than increase the number by adding a patent ductus arteriosus. But that, of course, 
may not always be entirely practical. 

I think Dr. Potts’ instrument for cutting the pulmonary valve is superb, and we have 
already ordered one and hope to be able to use it some day. It is certainly superior to the 
instruments we have been using. I think the chief criticism of this paper is with regard 
to the present operative mortality and morbidity. We really lost seven patients, the last one 
seveml weeks postoperativelv, because I inadvertently avulsed a pulmonary valve. But this 
presentation was of our first thirty cases. Without meaning any disrespect to the great 
men we have talked about, I believe Dr. Blalock’s mortality in his first 1-14 cases was approxi¬ 
mately the same as ours in this series, and so we hope to do better as we learn better. 
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The internal mammarv 1 ai tena blood for th e ventricular myocardium, 
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In our early experiments, approximately 60 per cent of implanted 
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In a series of twenty-six animals divided into four groups, the average 
survival rate after anterior descending branch ligation was dO per cent. In 
one "roup it was 75 per cent. Sixty-nine per cent of the animals surviving 
did so without infarction. The surviving animals all showed an extensive mam- 



Fig. 1 .—Roentgenogram of the left coronary tree, which has been filled by injecting the 
left internal mammary artery seventeen weeks after it was implanted into the left ventricular 
wall. 






44 THE JOURNAL OF THORACIC SURGERY 

mary-coronary anastomosis. In one-tliird, the anastomosis was established 
through a reeanalized thrombus within the internal mammary artery. In no 
single case has an animal died or developed infarction following anterior e- 
scending branch ligation when a large anastomosis existed. 



B. 

mammary artery implantation. 


•s solution tilling- the 
13-week-old internal 





vixeherg: coronary artery insufficiency 4o 

, f.nmble of eari-ving on the circulation of the left 

List, The ^ ^ ™ ^ ««■- 

tieal, thus further proof was sought. 

direction- of blood flow in- in-tern-al mammary artery 
The direction of blood flow through the implanted internal mamma ry 
artery was studied in order to determine whether it was bringing blood to the 
ventricular mvocardium. Direct determination ot blood flow in the mteinal 
mammary arterv was difficult, so the indirect method was used. Animals winch 
survived* anterior descending branch ligation of the left coronary artery were 



Fig. 5.—Heart of animal Xo. 10, 1M. series; this animal underwent anterior descending 
branch ligation sixty-seven days after internal mammary implantation and survived. The im¬ 
planted internal mammary artery was ligated thirty-seven days later and the animal died 
of a large anterior wall left ventricular infarct. 


subjected after four weeks to complete and sudden occlusion of the implanted 
internal mammary artery. If the internal mammary artery was maintaining 
the circulation of the left ventricle, then following its ligation, either death or 
infarction should result. This is exactly what happened. In three animals 
with an internal mammary implant which had survived anterior descending 
branch ligation, the internal mammary artery was ligated. One animal died 
within twenty-four hours, and displayed an edematous cyanotic area of the 
anterior wall of the left ventricle. One survived for three days before dying 
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from a large infarct in the same location (Fig. 5). The third animal survived, 
but examination of the sacrificed specimen revealed that multiple intercoronary 
anastomoses were present. 

Following these experiments, there seemed little doubt as to the formation 
and value of a coronary mammary anastomosis. However, skepticism was ex¬ 
pressed with regard to the character of the anastomoses and to their duration. 



Fie- fi Renresents a serial section of an implant lying- within the muscle of the myo¬ 
cardium weeks after implantation. Note the branch lying alongs.de of parent vessel. 

This branch has been traced into the myocardium. 


duration of anastomosis 


Recently, Glenn and Beal 10 confirmed the development of an anastomosis 
between an implanted internal mammary artery and the coionaiy vessels. How¬ 
ever, they stated that the new vessels tend to disappear at the end of eight 
weeks. They further suggested that the new vessels were small and resembled 


ranulation tissue. 

In our series, the average interval from implant to sacrifice was eleven 
,„ei-8 (Table I) Some animals were kept fifty-eight weeks after implantation, 
'he anastomoses at the end of that time not only persisted, but were large 
nough to protect against deatli and infarction following ligation of the an- 

»vim* descending branch. . 

The anastomoses which developed have been shown by serial sections, special 
auscle and elastic stain studies, and by easts to be ioimed by true arterial 
.ranches of the implanted internal mammary artery (Figs 


6 > 7 , 8 . 


9). 
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The experimental results just described were obtained by im P la ^ ting t1 ^ 
internal mammary artery into normal dogs’ hearts t ™ th - 

human eoronarv insufficiency such a procedure would be oi little r alue becaus 
of the presence of occluded coronary vessels and associated myocardial rschemia 
It was therefore, decided to produce coronary artery insufficiency experimental!) 
in the dog . 11 This was done by wrapping the origin of the anterior descending 
branch of the left coronary artery with a sclerosing type ot cellophane. The 



Fig. 7.—Dog- 7. Internal mammary artery one hundred twenty-two days after implanta¬ 
tion shows artery lying between heart muscle fibres with many branches. There is very little 
reaction around the implant and the scar tissue appears inactive. Note branch at 7 o’clock. 


Table I. Dukatiox op Anastomosis. 
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cellophane surrounding the origin of the anterior descending branch of the 
left coronary artery set up a periarterial fibroplasia which resulted in a gradual 
contraction through scar tissue of the coronary artery and narrowing of its 
lumen. This caused a reduction in blood llow through the narrowed vessel and 
resulted in ischemia of the left ventricular muscle supplied by the anterior de¬ 
scending branch of the left coronary artery. The degree of myocardial ischemia 
was evaluated by estimating the exercise tolerance of the animal on a motorized 
treadmill. Before the cellophane wrap was placed around the coronary artery, 
the animals would run nine to twelve minutes at Smiles per hour on the 
treadmill before becoming extremely anxious, begin to whine, and salivate pro¬ 
lag on the mill, and would break alternatively from a gallop to a run. Even¬ 
tually they would become anxious to escape the mill. When the exercise was 
discontinued, these animals would pant, but would drink water and appear 



similar to any other normal dog after exercise. Five months after these animals 
had had a piece of cellophane wrapped around their anterior descending branch 
of the left coronary artery, they could run for one and six-tenths minutes on the 
treadmill before becoming extremely anxious, begin to whine, and salivate pro¬ 
fusely. If the exercise was not terminated, they would attempt to lie down or 
dra" their feet on the revolving platform. When the mill was stopped, they 
woidd drop where they stood and resist all coaxing to move for some minutes 
and would not drink water. Animals that had reached this stage were then 
-ubiected to a left internal mammary artery implant. Four months after the 
imulant those animals which had definitely developed an internal mammary 
coronary anastomosis had a return of exercise tolerance to seven minutes or 
more This occurred in spite of a completed occluded anterior descending 
Cmh of the left coronary artery. When an internal mammary coronary anas- 
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tomosis failed to develop., there was no improvement in exercne tolerance m 
meh animals after implantation. Because of these experimental result, it wa* 
thought that implantation of the internal mammary artery into the leit ven¬ 
tricular myocardium might he of value in the treatment oi human cases or 
coronary artery insufficiency. 

HDLUV CASES of coronary artery insufficiency- treated by internal 

MAMMARY ARTERY TRANSPLANT 

Selection of Cases ■—The estimation of clinical results is always difficult and 
the results of any given surgical procedure may vary according to the severity 
of the disease process at the time of operation. There are certain well-known 
pathologic facts concerning coronary artery sclerosis and thrombosis which 
areatlv induence the selection of cases for internal mammary artery implant. 



r -5; 3.—Shovys a C 2 .st ruadv: by in;'ectins: the implanted internal mammary artery trventy- 
tv»o vre»rjL5 afier implantation- Xote the neiT branches of the implanted internal mammary 
jrbica join 'frith tho-se of the ^anterior cesoendin^ branch of the left coronary artery. A 
o» polyethylene robins - tied aroond the anterior descendins branch at its orisin before 
■aigesucn '.vas started. 


Perhaps the most important is the fact that coronary artery sclerosis in gen¬ 
eral is confined to the first 3 or 4 cm. of the coronary arteries. It has been 
stated that, the arteries distal to the first 3 or 4 c-m. of the coronary vessels 
show lesser degrees of sclerosis and rarely is sclerosis seen after the 3rd or 4th 
order Oi Branching.—’ — It has been shown that in eases of severe coronary arterv 
sclerosis, the vessels lying within the heart muscle are generally free of arterial 
disease. Thus, an internal mammary artery placed between ventricular muscle 
fibers is in an area where the arteries are comparatively healthy. In this way. 
fresh blood can be brought to the network or nonselerosed arteries which exist 
beyond the points of coronary- artery obstructions. 

In eases of coronary artery thrombosis with myocardial infarct, the nieture 
“ m - In lbeie cases - if ^ Panent survives, an area of mvo- 
^ niusele ttndergoes degeneration and eventually heals bv scar formation- 
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and there should be health}' muscle surrounding the area of the healed infarct. 
It is also stated that during the process of healing new blood vessels grow into 
the infarcted area. Thus, the history of a left coronary artery thrombosis with 
recovery does not constitute a contraindication to internal mammary implan¬ 
tation. The new living artery can be placed in healthy muscle which is present 
at the edge of the healed infarct and, if necessary, into the intraventricular 
septum itself. With this in mind, it is clear that the patients who have re¬ 
covered from coronary artery thrombosis and infarction may be considered as 
candidates for an internal mammary artery transplant. One of our patients 
was known to have had two attacks of coronary artery thrombosis with pos¬ 
terior infarction. At operation there w r as still what appeared to be good mus¬ 
cle posteriorly. There was, however, evidence of scarring on the posterior 
surface towards the apex which scarring extended for half an inch or more on 
the anterior surface of the left ventricle. The internal mammary artery was 
placed into healthy muscle just proximal to this scarred area. We have been 
reluctant to operate upon patients who are able to carry on their normal daily 
activities. We have, to date, operated only upon those patients who are unable 
to carry on because of the severity of their anginal pain. Patients with an en¬ 
larged left ventricle and myocardial decompensation have been considered poor 
risks, and have not been accepted. Every attempt has been made to exclude 
other sources of anginal pain, and to make certain that the pain from which 
the patient is suffering is due to coronary insufficiency. Where there is a doubt, 
and particularly when other organic disease such as eholelitliisis exists, the 
associated disease has been treated first. 


- CLINICAL RESULTS 

We have operated on four human cases suffering from coronary insufficiency. 

Case 1. —The patient, aged 53 years, was admitted to Royal Victoria Hospital on April 
24, 1950. He had been unable to work for three years because of substernal pain which 
radiated to the left jaw and down the left arm to the wrist, and was present day and night. 
It was first noticed fourteen years prior to admission, gradually becoming more severe.' Some, 
but not complete, relief was obtained by nitroglycerine. Exercise tolerance was limited to 
one city block; he walked very slowly before onset of anginal pain occurred. Tiiere was a 
history of 40 pounds loss of weight in the past ten years. There was also a history of in¬ 
tolerance to fatty foods with eructations of gas and inability to eat a large meal. 

All investigations were negative, except for the electrocardiograms which showed marked 
coronary insufficiency, accentuated by slightest effort. This was a case of angina status. 

On April 2S, 1950, the left internal mammary artery was implanted into the left ventric¬ 
ular myocardium. This was carried out through a left transthoracic approach and the sixth 
intercostal artery was cut and was pulled with the internal mammary artery into a tunnel in 
the myocardium. Except for a continuously low blood pressure throughout the operation 
the patient appeared to tolerate the operation very well. The postoperative convalescence’ 
was uneventful until sixty hours after operation, at winch time he developed sudden severe 
substernal pain and died two hours later. The interval between completion of operation and 
death was approximately sixty-two hours. 

Pathologic Findings at autopsy revealed that the three main coronary arteries were 
nine stem in character. The right coronary artery was completely blocked by an old, firm 
pipe stem anterior descending branch was completely occluded f or a dis . 
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thrombosis. The maintenance of blood pressure is particularly important meases of coronary 
artery disease. Slowing of the rate of blood How through a narrowed irregular coronary 
arterv will favor thrombosis. 

In our last three patients, blood pressure has been maintained by means of a continuous 
drip of neosvnephrin, which is started at the same time as the anesthetic. In these patients 
the blood pressure was well maintained throughout the operation. All three patients have 
had a comparatively uneventful postoperative recovery. 



Fig. 10.—Internal Mammary Artery of Case No. 16115; Sixty-two hours after implanta¬ 
tion lying within the myocardium. The arterial lumen is free of thrombus. There is little 
reaction around the artery and there is no hematoma. Note preservation of surrounding 
myocardial muscle fibers. 


Case 2. —The patient was a man 54 years of age who suffered front severe precardial 
pains which radiated down the left arm, and inability- to ingest solids. This pain was brought 
on by emotion, exercise, or the ingestion of solid food, and prior to operation this patient 
had lived on a liquid diet for three months and had not worked for nine months. There was 
dyspnea on slight exertion. Exercise tolerance was limited to half a city block. Electro¬ 
cardiograms showed coronary artery insufficiency accentuated by exercise; all other investi¬ 
gations were negative. On November 2, 1950, his left internal mammary artery was im¬ 
planted into the left myocardium. His postoperative course, except for abdominal distention, 
was uneventful. 

The patient left the hospital and flew to his home in the Canadian West at the end of 
live weeks, and at the present time is free of pain, is working a full day, and able to take 
solid food without pain. 


Case 3.— The third patient, a man 49 years of age, suffered from severe angina pair 
tor four years. The pain started in the substernal region and radiated down the left arm 
icasionally the pain went to the throat and jaw. The pain was made worse bv any charno 
L IT’ - ° r by emoW Electrocardiograms showed evidence of an old healec 

P " UU m!am ' I!o ' vas «P^ated on Nov. 20, 1950. At operation the posterolatera 
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wall, the apex, and half an inch of the anterior wall of the left ventricle were found to be 
scarred. The internal mammary artery was implanted into healthy muscle proximal to the 
apical scar. Except for a paralytic ileus, which was easily controlled, the patient’s postopera¬ 
tive convalescence was uneventful. He returned to his home at the end of four weeks and 
was free of pain until Jan. 2, 1951, when he developed pain in the left wrist and forearm. 
This pain was associated with exercise or emotion. There was no pain in the pectoral region 
and none in the throat. Electrocardiograms taken in March, 1951, showed continued improve¬ 
ment. His present pain is interpreted as that which sometimes occurs after an anterior wali 
infarction, and has been compared to the shoulder arm syndrome. 

Case 1.—This man, aged 55 years, suffered from substernal pain for two years which 
radiated from midsternum down both arms. Pain was brought on by exercise, emotion, and 
a moderately fair-sized meal. His preoperative electrocardiograms suggested the presence 
of an old healed anterior wall infarction. His exercise tolerance was poor. On March 1, 
1951, he was operated on. A large healed infarct was found on the anterior wall of the left 
ventricle. Tire internal mammary artery was implanted into healthy muscle, lateral to the 
scarred area. The postoperative convalescence has been uneventful. 

Abdominal distention which occurred in Cases 2 and 3 seemed to be avoided by early 
prophylactic decompression of the stomach with AVagensteen suction. The patient returned 
to his home in Nova Scotia four weeks after operation at which time he was free of pain. 


DISCUSSION 


In out experimental work it lias been shown that when the internal mam¬ 
mary artery is placed in the ventricular myocardium, it forms new arterial 
branches which anastomose with the left coronary- circulation. When this oc¬ 
curs, the heart is protected against death by infarction following the occlusion 
of the anterior descending branch of the left coronary artery. It has also been 
shown that those animals which have survived ligation of the anterior descend¬ 
ing branch of the left coronary artery, die or develop infarction when the im¬ 
planted internal mammary artery is occluded. An internal mammary coronary 
artery anastomosis has been shown to be of functional value. It has relieved 
artificially produced coronary artery insufficiency. We would like to point 
out that the implant procedure is different from other grafting operations. 
The internal mammary artery is not placed on the surface of the heart but is 
pulled into position by blunt dissection between the heart muscle fibres. Little 
damage is done to the heart muscle fibres and practically no reaction occurs 
around the implanted artery. Branches from the implant reach the deep cor¬ 
onary arteriolar plexus. 


It is reasonable to assume on the basis of our experimental work and the 
pathological facts of coronary artery sclerosis that an internal mammary artery 
implant may be of value in the treatment of human coronary artery insufficiency. 
Cases have to be carefully selected and treated bjf a medical-surgical team, and 
it is our opinion that the use of quinidine pre- and postoperatively with pro¬ 
caine during the operation is important in preventing ventricular fibrillation. 
Our first patient, we believe, developed his coronary thrombosis because of the 
continuous low blood pressure which was present throughout the operation. In 
order to bring these patients through an intrathoraeic operation without further 
their coronary artery system, we believe that it is necessary to main- 
taTthei! blood pressures thro.,shout the entire operative procedure The p ost . 
operative care of these cases is fundamentally a medical problem. Unlike other 
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thoracic cases, these patients should not he moved frequently in the first 
postoperative days. It would seem best to treat them postoperative^ much m 
the same manner as a case of coronary artery thrombosis. Interpretation of 
postoperative electrocardiographs is difficult because of the disturbances created 
by the implantation of a pulsating artery into the anterior wall of the e 
myocardium. Clinically there has been no evidence of coronary artery throm¬ 
bosis developing after operation in the three cases which have survived. 

It is too early to estimate results other than to say that the patient in Case 
2 has returned to work and is free of pain. It is now five months since his 
operation. We believe the operation should have a very low mortality rate. 
The actual work on the heart takes about two and one-half minutes, and causes 
the heart no embarrassment. Should the implant fail to form an anastomosis, 
the patient should be no worse off than before operation. 


SUMMARY 

1. The internal mammary artery has been shown experimentally to be 
capable after implantation of carrying the circulation of the left ventricle. 

2. The internal mammary artery has been successfully transplanted into the 
ventricular myocardium in man. The operative procedure is simple and ap¬ 
pears to cause no disturbance to cardiac function. 

3. The implanted artery, when it forms an anastomosis, furnishes a third 
artery to the left ventricle beyond the points of coronary artery occlusion. 

4. The internal mammary artery in man, as in the animal, was found to 
be completely patent sixty-two hours after implantation in the one fatality that 
occurred. 

5. Three of four patients have survived the operation. One is well and 
working at the end of five months, and the others show improvement. There 
is no evidence that the procedure causes any harm to the existing coronary cir¬ 
culation, 

I wish to express my appreciation for tlie counsel, criticism, and continued support 
which have been given by Dr. Gavin Miller, Dr. Lyman Duff, Dr. Donald Webster, and Dr. 
C. A. Macintosh. In particular do I wish to thank Dr. G. E. Brow for his careful selection 
of cases for operation and for his help in their postoperative care. 
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DISCUSSION 

DB. SAMUEL A. THOMPSON, New York.—Dr. Vineberg has shown by his experi¬ 
ments that anastomosis between the internal mammary and the coronary blood vessels can 
bo accomplished, and in this way additional vascularization of the my'ocardium occurs. M e 
have approached the problem of coronary' insufficiency in a different manner. We perform 
cardiopexy by instilling powdered magnesium silicate inside the pericardial sac. This pro¬ 
duces a granuloma and causes additional vascularization by extracardiac anastomosis as well 
as by intercoronary anastomosis. The myocardium is converted from an ischemic condition 
to one of hyperemia. We have operated upon fifty-two patients, the first one is now thirteen 
years after operation, and wo do not feel that there is any tendency for constrictive peri¬ 
carditis to develop following this procedure. 

I would like to emphasize that this type of treatment is not a cure for coronary disease. 
It is a method of rehabilitating a group of cardiac cripples. Our operative mortality and 
hospital mortality lias been 12 per cent. Of the surviving patients followed to the present 
time, or to the time of their death, S5 per cent have been more than 50 per cent improved 
and rehabilitated. Seventy' per cent of them are more than 66 per cent improved, and 20 
per cent of them claim that they are completely normal. 

I would like to ask Dr. Vineberg if he feels that his method gives vascularization be¬ 
yond the local area in which the blood vessel is grafted. 

DB. VINEBEBG (closing).—Yes, Dr. Thompson, I believe that the implanted internal 
mammary artery' is capable of taking over the circulation of the entire left ventricle. We 
have no evidence that it vascularizes the right ventricle. 

Approximately 50 per cent of all cases of coronary' artery' thromboses involve the left 
coronary artery and it is in these cases that there is the highest mortality and morbidity’. 
The internal mammary artery implant experimentally forms an anastomosis with the left 
coronary circulation on an average of 50 per cent. In some series, however, anastomosis has 
occurred in 100 per cent of the implants. When the anastomosis does form it completely 
revascularizes the left ventricle, and gives 100 per cent protection against death and in¬ 
farction, following occlusion of the anterior descending branch of the left coronary artery. 



CONGENITAL CYSTIC DISEASE OF LUNG ASSOCIATED YITH 
ANOMALOUS ARTERIES 

Frederick G. Kergix, M.D., M.S., F.R.C.S. 

Toroxto, Oxt. 


IN 1946 Pryce published the first comprehensive description ox a congenital 
I lesion of the lung which has two components, a maldevelopment of part oi 
the bronchial tree to a lower lobe with an associated distribution of arterial 
blood to the affected portion of the lung by way of an anomalous artery arising 
from the aorta. In 1947, he, with Sellors and Blair, published a second paper 
dealing further with the etiological, pathologic, and clinical aspects of the 
condition. Both papers were based on a study of pathologic material obtained 
from seven patients who bad been treated for this condition by pulmonary 
lobectomy. 

The bronchial abnormality may affect either lower lobe, more commonly 
the left, and involves the posteromedial portion of the lobe. In this area the 
bronchial maldevelopment may be of the nature of bronchiectasis of a congenital 
type or, more commonly, there is a bronchopulmonary mass made of cysts of 
bronchial origin surrounded by noniunetiouing lung tissue of a primitive type. 
In some eases the congenital separation of this mass from the bronchial tree 
appeared to be complete, while in others there seemed to he continuity of de¬ 
velopmental origin. In some a secondary connection with the bronchus appeared 
to have occurred as the result of infection. The symptoms which brought these 
patients to treatment were due to infection of the bronchopulmonary mass. 
In those cases which had a pre-existing bronchial connection this could occur 
by bronchial spread, but in others in which the separation had been complete 
it was necessary to postulate direct spread of infection from contiguous lung, 
or hematogenous infection. 

In the examples studied by Pryee there was a failure of development of 
branches of the pulmonary artery to the affected part of the lobe. Instead of 
venous blood, carried by the pulmonary artery, the bronchopulmonary mass 
was supplied with arterial blood through an anomalous artery of considerable 
size arising from the aorta and passing to the lower lobe between the leaves of 
the pulmonary ligament. This artery may arise either from the lower thoracic 
aorta or from the abdominal aorta and then pass upward through the diaphragm 
to enter the ligament. Pryce stated that after passing through branches ramify¬ 
ing over the mass this blood then drains into branches of the inferior pul¬ 
monary vein. He pointed out that, although this artery carries oxvsreuated 
blood at systemic blood pressure, it has the histologic structure of a pulmonary 
aitcry, and is subject to early atheromatous degeneration. 
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times fmin imi31 c ^ s>e< ^ by tbe iact that systemic arteries of this type are some- 

and other eonsiT ' r 8 n ° malIy co,luected aild developed lung, and from this 
Z^T* e T nS e0,lChWled that the vaseu l ar anomaly is primary. He 
bn ,ch o£ “ r <lovoloi.mc,it of a l„„g, the bulbous tip otonc 

CTDtuled’ 1 hi 'T n b ‘;°" dnlS i'tto t-clatiouship with „,d 1* 

live dorsal 10 f ™°, r" t ” 1 '*"', C " 1>illal ' y l >lex " s - wllid > *»!>» into the prime 
rise to -m ‘ \ 11 * mt ier development the connection may persist, giving 

lun „ If this nh I" .T tei ' y ° r ai ‘ tCi ' ieS arisillg ironi aorta and supplying 

the “affected bronchus‘‘thTraul™ ^ ^ * diSt ° rti ° n ° f gr0Wth ° f 

normal Inner rr i Ut 1S . an anomalous artery supplying otherwise 

results in dlslomtio°" ^ ?i ’ V** traction resid ting from the abnormal connection 
results a a ° HI ? T ^ fom ° f congenital bronchial lesion 

i ll lnt r ar,OTal “'>'.eetio„. If ,| lc abnormal mass remains 

“intralobar sequestration"if'thc dl'T"?' 01 ' rcsul,s ' ' vIlicl1 PrJ ’“ has callfJ 
lung mass becomes separated from the lobTtolrm nT °° mpIote ' ,h , e al, "°;" 1 
lie has termed "extralobar sequestration ° Pi? u ° accessorJ ' 1,m *' wh!ch 
be death of the captured bulbous tin !i ., ] T Inal,y ; he suggests tha t there may 
of the affected lung. 1 ’ d thls results 111 agenesis of part or all 

vessels connected^) hum^Ster Umll ^ faClS regard to auomaloUS 

intra- and extralobar sequestatiol /’Y ^ haS the vh ‘ tlie of relatin? 

rather than kind. Case 5 to be do f 41 , 1 ® 1 ' as bemg differences of degree 

and extralobar sequestration in relation t tliT’c “ “““f 1 ® ° f b ° tJl int ™' 

some support to the theory. This anonnlv ? Wor lobe ’ whlcb lends 

before. 1 J apparently has not been described 

In 1950 Bruwer, Clagett, and McDonald of the Mavo or • + , . 

eases. They expressed agreement with Pryce’s views in C T re P orted i five 
ological error responsible for the anomaly. I n thoiv . egard to tbe embry ' 
they had found reports of twenty-six similar cases mrl ° Vie J ° f tbe literature 
of these there had been a fatality because of hemorrha^e? 011 ^ that “ thl ’ ee 
vessel. ° e 110111 tbe anomalous 

The present report is based on five examples of this v 
been encountered at the Toronto General Hospital i n couc ltlou which have 
are three other cases of localized congenital cystic disea, earber reeord s there 
which seem to represent examples of the same condition^b^ ^ lower lobc 
clear cut description of the anomalous artery, they are excli ] ^ / S tbere ls 110 . 

" ‘ ldecl trom the series. 

CASE REPORTS 

Case 1.—J. S., a man, aged 17 years, was admitted on Sept. 17 19| , 
fectly well until six months before admission, when lie developed pneunioni " as per ' 

to have a cough, dry at first and later productive of a small amount of m * a '. con tinued 
one occasion he had a small hemoptysis of bright blood. Examination showed ** 1 Sputum ' 0,1 
tion in lung resonance and diminished breath sounds at the left base. sll ght diminu- 

Roentgenograins (Fig. 1) demonstrated three ovoid cystic spaces in (.], ' 
lobe, situated posteriorly. One of them showed a fluid level. A diagnosis of c° ^ lo "' er 
of the lower lobe was made. istie disease 
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«»!*»«»* «*% -SSsrs. ,r™> 

p— »«.* f, “ ” r,a 10 

esophagus. Au artery ni^ectiou lobectomy was done. 

lonr I-irS.n o t >“ 1 ” portion contained n dm, ™li- 

„c zxzi r„r cnrtS “■ a s 

"Sr^rtSci^d dinincd .... ,H. ion- - »— ~ — 

r'.rtrt„ operation and One — perfect,,- rreii. 



Fig. 1.—Case 1. Oblique view to show rounded density behind heart. In the original film a 
faint fluid level is visible close to vertebrae. 

Case 2.—II. Z., a woman, aged 19 years, was admitted to the hospital on Oct. 12, 194b, 
with a history of pneumonia on the left side at the ages of 10, 12, and 15 years, and again 
in January, 194S. At the age of 10 years the left chest had been drained by a tube for a 
few weeks. Since the pneumonia in 194S she had had two ounces of green sputum per day. 
Examination showed diminished breath sounds at the left base posteriorly and the scar of 
the previous drainage. 

Koontgenograms (Fig. 2) demonstrated a large cystic area in the left lower lobe pos¬ 
teriorly, with two fluid levels. A diagnosis of infected bronchogenic cyst was made. 
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A. B. 

Fig-. 4,A .~Case -1. Posteroanterior view shows rounded area at left base with fluid l6vd- 
Fig. 4.B .—Case 4. Lateral view demonstrating cyst with fluid level above, and multiple 
rounded translucent areas below. 
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In the laboratory it was found that saline injected into the anomalous artery drained 
freely from the pulmonary vein. Plastic of different colors was injected into the bronchial 
tree, the pulmonary artery and the anomalous artery, and then after roentgenograms of the 
specimen were made (Fig. 5) the lobe was macerated to leave a plastic cast of these struc¬ 
tures (Fig. 6). This demonstrated the size and distribution of the anomalous vessel, and 
also that the pulmonary artery did not distribute branches to the cystic mass. The lower, 
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rubbery part of the mass was composed of multiple small mucus-containing cysts which were 
lined by ciliated pseudo-stratified columnar epithelium. 

Tire patient made an uneventful recovery from operation. 

Case 5.—L. M., a girl, aged Id years, was admitted to the hospital on Feb. 2, 1950. 
She had pneumonia at the age of 18 months, was said to have had whooping cough 3 times 
in childhood, had a chronic cougli from 2 until 4 years. She was then well until February, 
1949, when she had pneumonia in the right lung, and this recurred in October, 1949, and in 
January, 1950. She raised about one-half ounce of mucopurulent sputum per day, but had 
not had hemoptysis. Oii examination she was in good general condition; there was slight 
dullness with decreased breath sounds at the right base posteriorly. 

Roentgenograms (Fig. 7) showed a large thin walled cyst with a fluid level in the 
right base posterolateraily. 

A diagnosis of intralobar sequestration of the right lower lobe was made. 

At operation the lower lobe was adherent to the parietal pleura. The posterolateral 
portion of the lobe was filled by a cyst, S cm. in diameter, and this part of the lung was 
yellow-pink in color and devoid of pigment. Just posterior to this area was a rubbery 
ovoid structure, of similar color, 5 cm. in length, connected to the surface of the lobe by 
a short, thin pedicle. " Passing to this appendage was an artery 3 nun. in diameter rising 
from the seventh intercostal artery. There was no accompanying vein. No other anomalous 
artery was found entering, the lower lobe. Dissection lobectomy was done. 

Examination of the specimen (Fig. S) showed that the large intralobar cyst was tra- 
beculated, had multiple bronchial connections, and was lined by ciliated pseudostratified epi¬ 
thelium. The appendage was made up of many small cysts containing thick mucus, and the 
walls contained bronchial elements. Sections of the pedicle demonstrated that there was no 
bronchial connection with the lung, but the pedicle was traversed by' multiple large vessels. 
It is considered that this is an example of both extra and intralobar sequestration in which the 
blood supply to the accessory lung was derived from an intercostal artery and in the ab¬ 
sence of an accompanying vein passed on through the pedicle to supply the intralobar se¬ 
questration; thence draining into the pulmonary vein. 

The patient made a good recovery from the operation and has been relieved of her 
symptoms. 

SUMMARY OF CASES 

These five patients ranged in age from 1C to 60 years. All complained of 
chronic cough with sputum, frankly purulent in 4, foul in 1, and 3 patients had 
had hemoptysis. Four patients showed an abnormality on examination of the 
chest, usually decreased percussion note, with diminished breath sounds. No 
patient showed clubbing of the fingers. In all, one or more cysts communicated 
with the bronchus; in every case the roentgenogram showed a cyst with a fluid 
level. In three the left lower lobe was involved, and in two the right lower 
lobe. In two cases the anomalous artery arose below the diaphragm, in two 
it arose from the thoracic aorta, and in one patient it arose from an intercostal 
artery. At operation all patients showed a very characteristic picture of a 
mass of yellowish-pink, nonpigmented lung contained within the posterior part 
of the lower lobe, rubbery in consistency, and containing one or more cysts. 

After clinical and radiographic investigation, the diagnosis in the first case 
was cystic disease, in the second bronchogenic cyst. In the third case, .the man 
aged 60 years, a diagnosis of intralobar sequestration was considered, but be- 
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Fig-. 8.A.—Case 5. Specimen viewed from behind showing lower accessory lung attached 
to lobe. 

Fig. S ,B .—Case 5. Lobe opened to show large cyst. 
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rubbery part of the mass was composed of multiple small ipiicus-contuining cysts which weie 
lined by ciliated pseudo-stralified columnar epithelium. 

The patient made an uneventful recovery from operation. 

Cash 5.—L. if., a girl, aged 1G years, was admitted to the hospital on Feb. 2, 1950. 
She had pneumonia at the age of IS months, was said to have had whooping cough 3 timet 
in childhood, had a chronic cough from 2 until 4 years. She was then well until February, 
1949, when she had pneumonia in the right lung, and this recurred in October, 1949, anil in 
January, 1950. She raised about one-half ounce of mucopurulent sputum per day, but had 
not had hemoptysis. Oil examination she was in good general condition; there was slijW 
dullness with decreased breath sounds at the right base posteriorly. 

Roentgenograms (Fig. 7) showed a large thin walled evst with a fluid level in the 
right base posterolaterally. 

A diagnosis of intrnlobar sequestration of the light lower lobe was made. 

At operation the lower lobe was adherent to the parietal pleura. The posterolateral 
portion of the lobe was filled by a cyst, 8 cm. in diameter, and this part of the lung was 
yellow-pink in color and devoid of pigment. Just posterior to this area was a rubbery 
ovoid structure, of similar color, 5 cm. in length, connected to the surface of the lobe by 
a short, thin pedicle. * Passing to this appendage was an artery 3 mm. in diameter using 
from the seventh intercostal artery. There was no accompanying vein. No other anomalous 
artery was found entering, the lower lobe. Dissection lobectomy was done. 

Examination of the specimen (Fig. S) showed that the large intralobar cyst was tra 
beculated, had multiple bronchial connections, and was lined by ciliated pseudostratified e F 
thelium. The appendage was made up of many small cysts containing thick mucus, and the 
walls contained bronchial elements. Sections of the pedicle demonstrated that there was no 
bronchial connection with the lung, but the pedicle was traversed by multiple large vessels- 
It is considered that this is an example of both extra and intralobar sequestration in which the 
blood supply to the accessory lung was derived from an intercostal artery and in the ab¬ 
sence of an accompanying vein passed on through the pedicle to supply the intralobar se¬ 
questration; thence draining into the pulmonary vein. 

The patient made a good recovery from the operation and has been relieved of her 
symptoms. 


SUMMARY OP CASES 

These five patients ranged in age from 10 to 60 years. All complained of 
chronic cough with sputum, frankly purulent in 4, foul in 1, and 3 patients had 
had hemoptysis. Four patients showed an abnormality on examination of the 
chest, usually decreased percussion note, with diminished breath sounds. No 
patient showed clubbing of the fingeis. In all, one or more cysts communicated 
with the bronchus; in every ease the roentgenogram showed a cyst with a fluid 
level In three the left lower lobe was involved, and in two the right lower 
lobe In two cases the anomalous artery arose below the diaphragm, in two 
it arose from the thoracic aorta, and m one patient it arose from an intercostal 
nrterv At operation all patients showed a very characteristic picture of a 
mass of yellowish-pink, nonpigmented lung contained within the posterior part 
S L 10'Ver lobe, rubbery » ™ d one or nw . 

After clinical and radiographic invest,gat,on the‘ d.agnosrs in „, e 
. fli „ ase j„ Bre second bronchogen.e cyst In the thrrd 
”' aS d 60 years a diagnosis ot intralobar sequestration was consul^ bm 
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SUMMARY 

The etiology ami pathology of intralobar sequestration of lung as described 
by Pryee have been reviewed. 

Five eases of this condition, all treated by lobectomy, arc reported. One 
of these cases showed an unusual association of botlt intra- and extralobar 
sequestration in relationship to the same lower lobe. 

Observations which tend to prove that circulation through the anomalous 
artery constitutes an unusual type of shunt are described. 

It is suggested that the clinical and radiographic features of this condition 
are sufficiently typical to permit a correct preoperative diagnosis. The patho¬ 
logic condition found at operation is usually recognizable with ease. 

Excision of the diseased segment or lobe is a satisfactory method of treat¬ 
ment. 
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DISCUSSION 


As pointed out by Pryce and also by Brmver and associates this condition 
is sufficiently common that it is of some importance to physicians and surgeons 
interested in pulmonary disease. The pathologic anatomy is such that once 
infection becomes established, it tends to become persistent and lead to chronic 
disability. Only excision of the diseased segment or lobe is likely to lead to 
permanent relief of symptoms. A study of these five lower lobes suggests that 
in only one (Case 5) the bronchial connection with the cyst was primary; in 
the other four it was probably secondary. 

. Pryce stated that the oxygenated blood from the anomalous artery drains 
into the pulmonary vein, and our observations by dissection of the specimens and 
by r perfusion of the artery support this view. Brmver et al. stated that the 
vascular connection is with the pulmonary artery. They suggested that further 
information might be gained by filling the two vascular systems with a plastic 
solution and then digesting the lung away to leave a plastic model. The same 
thought had occurred to us, and Pig. 6 illustrates the model obtained. It 
demonstrates that the distribution of the two arteries is independent, each con¬ 
fined to its own section of the lobe, but from neither source did the plastic 
pass through the finer ramifications to reach the pulmonary vein, although 
saline passed through freely when injected from either the pulmonary or sys¬ 
temic artery. 

If the observation that the branches of the anomalous artery connect with 
the pulmonary vein is correct there is a pathway for an unusual type of vascular 
shunt within the arterial side of the circulation. The size of the artery, the 
difference in pressure between the aorta and the pulmonary vein, and the ease 
with which saline can be perfused suggest that the rate and volume of blood 


flow through this shunt is considerable. This imposes added work upon the 
left ventricle and maj r be of some significance in the older patients. The decided 
improvement in exercise tolerance in the man of 60 years, in spite of the loss 
of some functioning lung tissue, may have been due to the interruption of this 
shunt. His lesion was unusual in that there were two arteries combm from the 
aorta with one accompanying vein draining into the azygos vein, but as the 
vein was no larger than either of the arteries it is probable that there was also 
a connection with the pulmonary vein. 


Pryce mentions that in extralobar sequestration the blood from the acces¬ 
sory lung commonly drains into a vein connecting with the azygos vein The 
discovery of such a vein in the above ease of mtralobar sequestration i s some evi¬ 
dence that intra- and extralobar sequestration have a similar embrvoloffical 
origin and differ only in degree. Case 5 in which both conditions were found 
in relation to the same lower lobe, also adds some weight to this view. 

The clinical and radiographic features of this condition ar e sufficiently 
characteristic that the correct diagnosis was made before operation fo Zll t 
two of these five cases. The appearance of the lung at operation i s s ^ 
and easilv recognized in most instances which is fortunate, because the operator 
»n then proceed tilth caution and by demons!,-at,the anomalm* 

". tragedy which has followed d ™ » f 11 « **. 
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SC MM Alt Y 

The etiology and pathology ot’ intralolmr sequestration ot’ lung as described 
by Prvce have been reviewed. 

Five eases ot this condition, all treated by lobectomy, are reported. One 
of these eases showed an unusual association of both intra- and extralobar 
sequestration iii relationship to the same lower lobe. 

Observations which tend to prove that circulation through the anomalous 
artery constitutes an unusual type of shunt are described. 

It is suggested that the clinical and radiographic features of this condition 
are sufficiently typical to permit a correct preoperative diagnosis. The patho¬ 
logic condition found at operation is usually recognizable with ease. 

Excision of the diseased segment or lobe is a satisfactory method of treat¬ 
ment. 

REFERENCES 

1 . Pryce, D. M.: Lower Accessory Pulmonary Artery With Intratubar Sequestration of I.urn- ■ 

A Report of Seven Case’s, J. Path.'& Baet’. 58: 457-507. 5.040. 

2. Pryee, D. if., Sellors. T. II., and Blair, L. G.: Intralobar Sequestration or Lung Asso¬ 

ciated AVItlr an Abnormal Pulmonary Artery, Brit. J. Snrg. 35: 1S-20, 1947. 

3. Bruwer, A., Clagett, 0. T., and McDonald, J. 51.: Anomalous Arteries to the Lung Asso¬ 

ciated With Congenital Pulmonary Abnormality, J. Tnormcic Slt.g. 19: 957-972, 5950. 


64 


THE JOURNAL OF THORACIC SURGERY 


DISCUSSION' 


As pointed out by Pryee and also by Brmver and associates this condition 
is sufficiently common that it is of some importance to physicians and surgeons 
interested in pulmonary disease. The pathologic anatomy is such that once 
infection becomes established, it tends to become persistent and lead to chronic 
disability. Only excision of the diseased segment or lobe is likely to lead to 
permanent relief of symptoms. A study of these five lower lobes suggests that 
in only one (Case 5) the bronchial connection with the cyst was primary; in 
the other four it was probably secondary. 

. Pryce stated that the oxygenated blood from the anomalous artery drains 
into the pulmonary vein, and our observations by dissection of the specimens and 
by perfusion of the artery support this view. Bruwer et al. stated that the 
vascular connection is with the pulmonary artery. They suggested that further 
information might be gained by filling the two vascular systems with a plastic 
solution and then digesting the lung away to leave a plastic model. The same 
thought had occurred to us, and Fig. 6 illustrates the model obtained. It 
demonstrates that the distribution of the two arteries is independent, each con¬ 
fined to its own section of the lobe, but from neither source did the plastic 
pass through the finer ramifications to reach the pulmonary vein, although 
saline passed through freely when injected from either the pulmonary or sys¬ 
temic artery. 

If the observation that the branches of the anomalous artery connect with 
the pulmonary vein is correct there is a pathway for an unusual type of vascular 
shunt within the arterial side of the circulation. The size of the artery, the 
difference in pressure between the aorta and the pulmonary vein, and the ease 
with which saline can be perfused suggest that the rate and volume of blood 


flow through this shunt is considerable. This imposes added work upon the 
left ventricle and may he of some significance in the older patients. The decided 
improvement in exercise tolerance in the man of 60 years, in spite of the loss 
of some functioning- lung tissue, may have been due to the interruption of this 
shunt. His lesion was unusual in that there were two arteries eomin°- from the 
aorta with one accompanying vein draining into the azygos vein but as tlm 
vein was no larger than either of the arteries it is probable that there was also 
a connection with the pulmonary vein. 


Pryce mentions that in extralobar sequestration the blood from the acces¬ 
sory lung commonly drains into a vein connecting with the azygos vein The 
discovery of such a vein in the above ease of mtralobar sequestration is some evi¬ 
dence that intra- and extralobar sequestration have a similar embryological 
origin and differ only in degree. Case 5 in which both conditions were found 
in relation to the same lower lobe, also adds some weight to this view. 

The clinical and radiographic features of this condition are sufficiently 
characteristic that the correct diagnosis was made before operation ^ 

t w o of these five cases. The appearance of the lung at operation is strikin „ 
tw ® , Tprrxmized in most instances, which is fortunate, because tho ' 
and easil. a o-iution and bv demonstrating the anomalous + operato1 

division ° f * - a - ok] 
the tragedy which lias e occasions. 
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SUMMARY 

The etiolosjv and pathology of intralobar sequestration of lung as described 
by Pryee have been reviewed. 

Five eases of this condition, all treated by lobectomy, are reported. One 
of these eases showed an unusual association of both intra- and extralobar 
sequestration in relationship to the same lower lobe. 

Observations which tend to prove that circulation through the anomalous 
artery constitutes an unusual type of shunt are described. 

It is suggested that the clinical and radiographic features of this condition 
are sufficiently typical to permit a correct preoperative diagnosis. The patho¬ 
logic condition found at operation is usually recognizable with ease. 

Excision of the diseased segment or lobe is a satisfactory method of treat¬ 
ment. 
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THE PHYSIOLOGY AND CYTOLOGY OP PULMONARY EDEMA AND 
PLEURAL EFFUSION PRODUCED IN RATS BY 
ALPHA-NAPHTHYL THIOUREA (ANTU) 0 

Curt P. Richter, Ph.D. 

Baltimore, Md. 


C LINICIANS and pathologists have observed the appearance of fluid in the 
lungs and pleural cavities under a great variety of pathologic conditions. 
Yet despite its common occurrence and great importance, our understanding of 
the physiology and cytology of pulmonary edema and pleural effusion is still 
quite limited. 

In patients, pulmonary edema and pleural effusion rarely occur unless 
associated with some complex disease, most notably congestive heart failure, 
tuberculosis, or pneumonia. Because of this complexity, and because of the 
critical nature of these diseases, it is almost impossible to develop quantitative 
methods for studying edema and effusion in the lungs and pleural cavities of 
living patients. Experimental work on animals, therefore, at present remains 
our best possible source of knowledge. 

For animal work we must have a simple means of producing pulmonary 
edema and pleural effusion with regularity, yet without doing damage to, or 
involving any other system of the body; also we must have accurate methods 
of measuring the amounts of pulmonary and pleural fluids. 

These two requirements are met to some extent at least by the use of the 
“toxic thioureas.” 1 ’ 2 Methods of measuring the fluids have now been worked 
out for the Norway rat. 


The “toxic thioureas,” of which alpha-naphthyl thiourea (ANTU) has 
been most extensively studied, are highly toxic for the Norway rat and some¬ 
what less toxic for the dog, domestic pig, cat, and mouse. 3 In all of these 
species they produced marked pulmonary edema and pleural effusion with 
great regularity. It is of special interest for the present purposes that they 
do not produce ascites or edema in any other organ. 

The pulmonary edema produced by the thioureas apparently results from 
a temporary increase in permeability of the lung capillaries. Since the ef¬ 
fects are reversible, these drugs apparently produce no lasting damage to the 
capillaries. 4 In composition, the fluid in the lungs and pleural cavities closely 
resembles blood plasma; it has a protein content of 3 to 5 p er cent and does 
not contain any red cells. 5 w „ 

To study quantitatively the puie cultuie of pulmonary edema and 
pleural effusion, the ideal method would be to make continuous records on 

-From the Psychobiological Laboratory, Johns Hopkins Hospital. 

* Received for ^ between the Medical Division, Chemical Corn s 

♦Initiated under a contract » ^ completed under a research srant fJS!: S. Army, 
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bvaividual animal, oi .he amonn.s of fluid .ha. a W «u- in 

cavities. Since .his obviously is not possible, vecou.se has to 1. lau . t» an 
other method- that of killing animals at definite intervals aitei poisoi 
weighing their lungs, and measuring the amounts ot fluid in the plemal 
Parities. This procedure, involving the use of a large number ot animals, 
makes the Norway rat the animal of choice because it is so leaci > a\ai a e 
and relatively expendable. 

The apparently simple task of measuring pulmonary edema irom lung 
weights proved to be a complicated undertaking. M’c believe that alter many 
mistakes, we have now devised a simple, reliable, standard technique. A 
report 6 in 1947 gave the results obtained with an earlier technique.'* The 
present report contains the results of our most recent studies for which the 
revised and improved techniques were used. The emphasis of these studies 
has been on the understanding of the formation of pulmonary edema and 
pleural effusion. 

METHODS 


A total of 203 adult domesticated rats from our colony and from the 
Albino Farms, Rutland, Yt., were used for these experiments. "With few ex¬ 
ceptions, rats weighing between 200 to 300 Gm. were used, since they were 
known to yield the most constant results. A total of ninety rats were used 
as normal controls, ilany hundred wild and domesticated Norway rats of 
all ages were used in the preliminary experiments. 

It proved necessary to use rats that were essentially free of lung in¬ 
fections (abscesses) and areas of pulmonary consolidation. Although the 
rats of our own c-olony had been exposed to a serious epizootic of Type II 
pneumococcal pneumonia two years before, 7 they proved to have very healthy 
lungs, only rarely showing any areas of consolidation (less than 1 per cent 
of the rats). The rats from the Albino Farms a’so only rarely showed areas of 
consolidation or abscesses. Rats from several other colonies c-ould not be 
used because of their defective lungs: in some colonies as many as 50 to 75 
per cent showed consolidation. 


For two to four days before the experiments, the rats were placed in 
individual cages, with access to our stock dietj and water ad libitum. Thev 
were protected from avoidable noises and disturbances in a room separate 
from the rest of the colony. Care was exerted to avoid drafts or abrupt 
changes in environmental temperature. 


Alpha-naphthyl thiourea (du Pont) was ttsecl for all of these experiments. 
It has an LD50 of 4.1 mg. per kilogram for domesticated Norway rais of our 
colony. 1 The ANTU was administered in five different doses: two sublethal 
doses, 1 and 3 mg. per kilogram, both of which fail to kill anv animals - 5 10 
and D ° m =- P er kilogram, all three of which kill 100 per cent The drug ’was 


" isEf-SFF? 71 a“■?' 

- r •- a ..P e Y c E nt - 10.0 per cent, skim milk ponder tO.O per cen< 


antidot 
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administered intraperitoneally in olive oil suspension, since it is practically 
insoluble in water. For all dosages each rat received 1 c.c. of olive oil sus¬ 
pension per 100 6m. body weight. 

To obtain quantitatively reproducible results it was found to be of prime 
importance to grind the ANTU to very fine particle size before mixing it with 
the oil and to stir the suspension while injecting the rats. To speed up the 
injection procedure and thus minimize the rat’s excitement, the drug was in¬ 
jected intraperitoneally through an 18-gauge needle, the smallest bore through 
which the preparation would flow freely. 

The following standardized procedure was used in determining the extent 
of the pulmonary edema and amounts of fluid in the pleural cavities. Since 
the success of the procedure depends on a number of different operations, the 
various steps will be described in detail. The rats are etherized in as quick 
and uniform a fashion as possible. For this purpose a quart Mason jar is 
used in which the rats can readily be observed at all times; and accordingly, 
can be removed each time at approximately the same stage of anesthesia. 
Holding the rats by their haunches during the entire process shortens the 
time of etherization and greatly reduces the severity of the animal’s struggle 
against the ether. 

Once anesthetized, the rats are removed and tied down on their backs on 
a small operating board. More ether is administered by the open drop method 
throughout the following procedures: 


1. A wide strip of skin is cut away with scissors from the pubic arch to 
the clavicle and an incision is made into the abdominal cavity from the pubic 
arch to the sternum, care being taken to avoid entering the pleural cavities. 

2. With the first and second fingers of the left hand the viscera are pulled 
to the side exposing a large free area over the vena cava and abdominal 
aorta. This area is further exposed by retracting the wall of the abdomen to 
the opposite side with a fixed hook. 

3. The abdominal cavity is cheeked for the presence of unabsorbed olive 
oil and for any signs of incidental disease or ascites, and any oil present in the 
exposed area is thoroughly removed by swnbbing. Enough of the vena cava 
is then freed of fat and peritoneum to provide unobstructed access to the 


vessel. 

4. A 20-gauge needle, attached to a 1 c.c. tuberculin insulin syringe is in¬ 
troduced into the vena cava and 0.1 e.c. per 100 Gm. of body weight of absolution 
of heparin sodium (1 c.c. = 10 mg.) is slowly injected to prevent coagulation of 


the 5. A tear is purposely made in the wall of the vena cava in removing the 
needle thus allowing the blood to flow freely. All the blood is mopped un with 
weighed cotton swabs until the flow becomes very sluggish. Then the ab¬ 
dominal aorta is cut across with a pair of scissors and the blood i s mopped 
up again until the flow ceases. The collected swabs are then Weighed. This 
tii ; pl .„cess requires about live minutes. The rats usually ' 

breathe until well after the aorta has been severed; occasionally they 
b -eafhinv before seetion of the aorta and then start breathing again afte^a ° 

S fswSs, each weighing 200 to 250 mg., are need for moppmg np “d. 
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When blood is desired for hematocrit or cylologic.il studies it is "itii- 
drawu from the vena cava through the needle used for introducing the heparin 
sodium The tuberculin syringe is removed from the needle and replaced w it i a 
10 c.c. syringe. As much as 12 c.c. of blood may be withdrawn m this way. 
The bleeding process then continues as described above. 

6. The thoracic cavity is entered with care to prevent the loss of fluid 
into the abdominal cavity. A cut through the ribs is made about 1 centimeter 
to the right of the midline and continued up to the clavicle. The diaphragm 
is cut just under the sternum and the ribs are cut from the xiphoid process to 
the clavicle about 1 cm. to the left of the midline. The sternal flap thus formed 
is reflected over the animal’s head and anchored with a hemostat. 

T. Immediately thereafter a curved hemostat is placed just under the 
heart, occluding all of the cardiac vessels and preventing the flow of the little 
remaining blood from the heart to the lungs. 

S. All of the walls of the thoracic cavity, including the sternal flap, are 
swabbed in a uniform manner three different times, each time with a new, 
weighed cotton swab (about \\ cm. in diameter). These swabs are then 
weighed to determine the amount of fluid present. When the cavity contains 
enough fluid to be aspirated, as much fluid as possible is removed with a 
syringe prior to the swabbing. 

9. The left lung is dissected free and inspected for signs of edema or 
consolidation. Next a ligature (silk braid) is looped around the lung and 
tied tightly at the liilum; a cut is made with a pair of line scissors just prox¬ 
imal to the ligature and the ends of the silk braid are cut at the knot. The 
surface of the lung is dried lightly on blotting paper before the organ is 
weighed. 

The same process is repeated with the right lung. Owing to its multi¬ 
lobular structure the right lung is more difficult to free. It normally weighs 
almost twice as much as the left lung.® 

The pleural effusion swabs are weighed on a torsion balance sensitive to 0.1 
mg.; the swabs for the blood weights and lungs are weighed on a balance sen¬ 
sitive to 10 mg.; matched watch glasses are used for the swabs and lungs. 

The chief difference between this procedure and that used in our earlier 
studies lies in the method by which the rats were killed. Formerly the rats were 
killed by crushing the cervical cord with a pair of pliers. This method had a 
marked effect on the lung weights and consequently did not permit accurate 
measure of the fluid in the lungs. In the first place, crushing the cervical cord 
caused prolonged convulsions in some animals and only mild convulsions in 
others. Consequently in some rats more blood was forced into the lungs than in 
others, either as a result of the force of the convulsion or of the longer time in¬ 
terval during which the heart could pump more blood into the hums Owkm 
to the varying amounts of blood in the lungs it was never possible to obtain an 
accurate measure of the amounts of fluid that the lungs contained. In some in¬ 
stances, when crushing the cervical cord caused intracranial and oral bleedhm 
blood was actually aspirated into the lungs. c ’ 
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Allowing' the rats to bleed to death makes it possible to remove all except 
very small amounts of blood from the lungs. Furthermore, this procedure is 
carried out on a schedule thus ensuring much more uniform treatment of each 
rat. A special advantage of the described technique is that opening the chest 
no longer causes bleeding so that contamination of the pleural fluid with blood 
is avoided. The use of the ligature of the hilum of the lung prevents the escape 
of fluid and so further contributes to the accuracy of the procedure. 



A. 


n. 


Fig. 1.—Drawing of typical eviscerated rats: 
(R) the diaphragm of a rat that had been 


(A) Silowing- tile diaphragm of normal rat; 
poisoned sixteen hours before with ANTU. 


RESULTS 

A. PLEURAL EFFUSION 


Fig. 1 shows the diaphragm of a normal rat and of a rat killed sixteen 
hours after having received a lethal dose of ANTU (50 mg. pei . kilogram). 
The drawings were made just after the rats had been killed and all the°intra- 
peritoneal viscera removed. The diaphragm of the normal rat is concave and 
for the most part in close contact with the walls of the thorax. I n marked con¬ 
trast, the diaphragm of the poisoned rat bulges far down into the abdominal 
cavity, literally forming a bag of fluid. 

The drawing of the sagittal sections in Fig. 2 shows the distribution of 
fluid in the intact animal when standing in its normal posture. Immediately 
after the rats were killed with ether, a string was tied tightly around their 
necks to avoid any changes in the relative position of the organs that might 
follow the collapse of the lungs and the resulting escape of either air "or 
fluid Then the rats were placed W a deep-freeze unit where they Were 
ported in their normal standing posture by straps and kept the,., „ ® 

were thoroughly frozen in order to prevent any other post-mortem chan 7 


ges. 
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outlines of all of the internal viscera in clear detail. 

In Fig 2 the drawing at the left shows a midline sagittal section oi a 
normal healthy rat. The lungs are in close contact with the heart and cia- 
phragm and so fill the entire thoracic cavity. The pleural space is not usiblc 
The drawing at the right shows a midlme section of a rat that had lecened 
an intraperitoneal injection of ANTU (50 mg. per kilogram) sixteen hours 



Fig-. 2.—Drawing: made of typical sagittal sections through the midline of rats frozen 
in horizontal position in a deep freeze: left, from a normal rat; right, from a rat poisoned 
sixteen hours before with ANTU. 


before being killed. Fluid (solid black areas) fills the greatly distended pleural 
cavity. The diaphragm is pushed down and away from the heart. The lungs 
float in the fluid and appear to be collapsed. It is clear that the volume of the 
fluid in the poisoned rats many times surpasses the volume of the lungs, so 
that the air space must have been greatly reduced. 

Normal Rats .—• 

Pleural Fluid and Body Weight: Fig. 3 shows the amounts of pleural fluid 
found in eighty-three normal (untreated) rats, as related to their body weights. 
The ordinates give the pleural effusion in per cent of body weight, the abscissas 
body weight in grams. Each dot represents one animal. The solid line is drawn 
through points obtained by taking the average in each 50-gram interval and 
represents the proportion of pleural effusion with increasing weight. This re¬ 
mained essentially the same for all rats weighing between 100 and 350 Gm., not 
surpassing 0.1 per cent in any case. As might he anticipated, the relative amount 
ot effusion was greater in very young animals, averaging 0.12 per cent for 



the journal of thoracic surgery 


1 ** up 5 o 

m C ,ei, too 00 -* - - * 

standard deviation of 0.024. 


NORMAL PLEURAL EFFUSION 



. - : n the pleural cavities of individual_.4 0 . rl tj,e 

3 .Chart showing the amount of fl “ t tl , e fluid in per cent of body well|1A ■ 

rats atvariousbody weight*. m Or«Jmate*^e r e e p s resen ts an individual rat. The solid hue 
ag^body weight « nach )t interya , 


ANTU F TZtt of Development of Pleural Effusion: Fig. 4 shows pl<* ral 
Onset and . dosages of ANTU. The ordinates give the pleiua 

effusion curves ox xe weig i lt . the abscissas time in hours after the ANTtJ 

effusion in per een ^ ^ averages for one-hour intervals. During the 

injection. T, ie culV o ;> di(1 not increase above the normal 0.05 per cent levels 
first hour the a ^ er *5“ ino . the sec ond hour the amount of pleural effusion in- 
shown in Fig- 3- v ® 1 mg per kilogram dosage. Thereafter the amount 
creased for all exeep d at an almost constant rate for the 3, 5, 10, and 50 
0 f pleural effusion xnei ^g an approximate level of 3.5 per cent during 

mg. per kilogram dosageS ’ . vaL °The 1 mg. per kilogram dosage did not pro- 
the seven to eight how ^ at an y time. 

dime an increase m P mortality of the rats on the 5, 10, and 50 mg. per 

Owing to the high rat® o observations after longer periods of poi- 

dlog Z, **££ be made on on* o Ia om . earlier 
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expert tie ptaraUffusiou reached 5.0 ™ a 

survived eighteen hours, and 6.3 per cent m one rat that «a* KUleH n 

one-half hours after having received a 10 mg. per kilogram injection ot ANTL. 

It is noteworthv that in rats which had received the higher dosages ot A k 
and had survived seven to eisht hours or more, the thoracic cage appeared to be 
“ieiv k.e»d«l, m somcinstances Itaally taking out from (he root o. the 


body. 


ANTU 

PLEURAL EFFUSION 



Fig. 4.—Curves showing: average amounts of pleural effusion found at hourly intervals 
after poisoning with five different doses of ANTU. Ordinates represent pleural effusion in 
per cent of body weight; abscissas time in hours after ANTU was injected. 


Since the pleural fluid averages 0.05 per cent of the body weight in normal 
animals, the high amounts found in the ANTU poisoned rats, 5 to 6 per cent 
of body weight, represented a hundred-fold increase. The magnitude of the 
increase can he visualized in another way. In normal rats the lungs occupy 
a thoracic space that measurement of twenty adult animals showed to average 
o cubic centimeters. In ANTU poisoned annuals the maximum amount of 
pleural effusion occupied 12 to 15 cubic centimeters, a three- to fourfold in¬ 
crease in the thoracic space. Thus, the pleural cavity is capable of a great in¬ 
crease in volume that is probably largely accounted for by a lowering of the 
diaphragm, but also to some extent to the distention of the thoracic cage. In 
ANTU poisoned rats the diaphragm apparently is stretched to its full extent. 
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Duration of Pleural Effusion: Duration of the pleural effusion was studied 
by the use of a dose that produced marked pleural effusion without killing 
the rats. The 3 mg. per kilogram dose proved to be very satisfactory for this 
purpose. 

Fig. 5 (top record) shows the individual pleural effusion volume of fifty- 
two rats sacrificed at varying intervals after administration of a 3 mg. per 
kilogram dose. The pleural effusion first appeared just shortly after the end 


ANTU 



Fig. 5.—Curves showing the pleural effusion and lung weight _ _<„mvldual 

animals that received ANTU. 3 mg. per kilogram in olive oil bv inhS»S f ° r , 

Bach dot represents an individual rat. The dotted lines give the aver.-Cgfo P (v. I ' lt ° 1 | 1Ca 

and lung weights for normal rats ranging in' weight from 200 to 30Q S grams pleUraI e ^ usl 


of the first hour and had established a fairly constant rate of increase by the 
end of the second hour. It reached its highest point on the eleventh and four¬ 
teenth hours. After the fourteenth hour the amounts of pleural effusion defi¬ 
nitely decreased. For the next twelve hours some rats still showed moderate 
amounts, others scarcely any at all. Five rats examined at forty-four to forty- 
six hours showed only normal amounts of pleural effusion. 


It is noteworthy that during the first fourteen hours the pleural effusion 
would appear to have increased at the same rate m twenty-three of twenty-six 
rats The pleural effusion of the rat examined on the fourteenth hour 
' , n to 37 per cent of the body weight. Statistically, th . 1 , 

amounted to o.l pei c examined it 1 would 

seem very likely that almost all ° f ^ would, if 

they had been, examined during the first fourteen houi period, have shown 
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equally large amounts of fluid. The fact that many ot them showed less fluid 
eleven almost none at all, would indicate that during various intervals after 
the fourteenth hour the pleural fluid must have been resorbed. In some in¬ 
stances the fluid may have been resorbed in only a few hours. 

These results agree with the observation recently reported by Courtice and 
Sinunonds. 10 These workers found that homologous dye-plasma introduced 
into the pleural cavities of rabbits is absorbed at a very rapid rate. These 
workers concluded from observations on cats that all of the plasma fluid in 
the pleural cavities is absorbed through the right and left lymphatic ducts. 



Fig. 6.—Photograph of sections made of the lungs of ANTU poisoned rats. (A) lung 
of rat killed four hours after poisoning with AXTU, 50 mg. per kilogram; (B) lung of rat 
killed eighteen hours after poisoning with AXTU, 50 mg. per kilogram; (C) lung of rat 
in final stage of poisoning with ANTU- 


Thus, in summary, these observations have shown that after ANTU poi¬ 
soning, fluid appeared in the pleural cavities at the same rate with all dosages 
above and including the sublethal dose of 3 mg. per kilogram. Dosages many 
times the LD50 did not increase the rate of the production of the fluid. The 
fact that all of the rats that received the 3 mg. per kilogram dose would have 
survived even though they had maximal amounts of fluid in their pleural 
cavities, demonstrates that the mere presence of very large amounts of fluid 
in the pleural cavity doses not kill the animals. 

B. PULAIONARY EDEMA 

From the work of Latta 4 it is known that fluid first becomes visible in the 
lymph ducts and perivascvdar spaces near the hilum, next in the walls of the 
alveoli, later in the alveoli themselves. The microphotographs of lung sec¬ 
tions in Fig. 6 show two of the stages of poisoning with AA'TU, 50 mg. per kilo¬ 
gram; (A) lung of rat killed four hours after poisoning. The interalveolar 
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spaces are filled with fluid and the alveoli contain small amounts of fluid; ( B ) 
lung of rat killed eighteen hours after poisoning. There are large pools of fluid 
around the vessels. The lymph duets are markedly distended with fluid; (C) 
lung of a rat in the final stages of poisoning. Fluid fills most of the alveoli 
except for a few areas where they are distended with trapped air. The alveoli 
just under the pleura in Fig. 6 C seem to he almost completely filled with fluid. 
In general, the fluid gathers in the alveoli just under the pleura before it ap¬ 
pears in the alveoli in other parts of the lung. 


NORMAL LUNG WEIGHTS 



Normal Rats .— 


Lung Weights and Body Weight: Fig. 7 shows the relation of lung weight 
to body weight for ninety normal rats. Each point represents one rat.' Body 
weight is given in grams on the abscissas and the lung weight in per cent of 
body weight on the ordinates. The line passes through the average values 
for each 50-gram range of weight. The proportionate lung weights decreased 
at a fairly steady rate from 1.01 per cent, for the rats weighhm } ess than 
.50 Go, to 0.46 per cent for the 300 to 350 Gm. group, remaining very 
nearly constant over a body weight range of 150 to 350 Gm. F or the^OO to 
250 Gm. rats, the mean was 0.56 per cent of body weight with a standard devia¬ 
tion of 0.02. 


ANTU Poisoned Rats .— 

Lung Weights: Fig. 8 shows the lung weights as per cent of body wefoht 
with relation to time after injection of the i TU for the five different doses 
The ordinates show the lung weights m pei cent of body weight; the abscissas 
time in hours. The points on the solid curves represent averages for single j 
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, vhile The dotted lines show the average lung weights for normal rats ot 
the same weight range. The amount oi edema is thus estimated irom t ic excess 
of tliese average lung weights over the normal averages. 

Bate of Increase of Pulmonary Edema: The rats on the lowest dose, mg- 
per kilogram. did not show lung edema at any time, while all or the rats on 
four higher doses showed a definite edema. During the nrst hour the aieragc 
lumr weights did not increase in any of the groups of rats: during the second 


ANTU 

PULMOt^ARY EDEMA - 




Fig. S.—Curves showing- the average pulmonary edema of rats at hourly intervals after 
poisoning: with hve different doses of AXTU. Ordinates represent the lung weights in per 
cent of body weight; the abscissas time in hours. The dots represent averages for all ani¬ 
mals observed within each hour period. The interrupted lines show the average lung weights 
for normal rats weighing from 200 to 300 Gm. Differences in weight between the lungs after 
poisoning and the normal average represents the amount of. the edema. 


hour, however, they increased in all groups: and during the next two to four 
hours either continued increasing or reached platean levels. After that the 
average lung weights decreased again, the remaining level of edema roughlv 
varying in direct proportion to the dosage. The rats receiving the highest dose 
still had a marked pulmonary edema at the end of ten hours, shortly before many 
oi them began to die, whereas the rats on the 3 mg. per kilogram dose were prac¬ 
tically free of pulmonary edema at this time. 

The edema amounted to 0.5 per cent of body weight in some instances; in 
others to only about 0.3 per cent. This means that the weight of the fluid in the 
lungs at its highest level, was approximately equal to the weight oi the lungs. 
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It should be noted that the changes in lung weights as reported here are 
based on weighings performed only after the lungs were freed of blood by the 
technique described for bleeding the rats to death. Since many workers do not 
follow this procedure, the two records shown in Fig. 9 are presented from our 
earlier experiments in which we killed the rats by methods other than bleeding. 
These observations were made on recently trapped wild Norway rats but the 
results may be compared with those obtained in domesticated rats since they have 
about the same proportionate lung weights and essentially the same LD50 for 
ANTU. The dotted horizontals give the average lung weights for normal rats 
and the bars represent lung weights for the individual experimental rats. In 
these experiments the rats were given 10 mg. per kilogram of ANTU intra- 
peritoneallv in olive oil, and then at various intervals they were killed by crush¬ 
ing the cervical cord. Their lungs were then removed either at once or after 
thirty to sixty minutes. 
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PULMONARY EDEMA 

RECENTLY TRAPPED WILD NORWAY RATS 
DELAYED REMOVAL OF LUNGS 0 IMMEDIATE REMOVAL OF LUNGS 
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Fie. 9.—Bar graphs showing the lung weights for rats nni«r,n„.i 
kilogram, but not exsanguinated; (A) rats that were not autonsiedA NTU - 10 m ?' 
after being killed; (B) rats that were autopsied as soon as polslbli r? hlr l y . to sixty ml ” ut S 
bar represents an individual rat. The dotted lines give the aw r , Sf ter bcin K' billed. Each 
normal rats of the same body weight range. ule avcra se weight for lungs for 


Fig. 9A shows that the rats autopsied after a delay had lung weights vary¬ 
ing over a very wide range, with differences as much as fourfold °These in¬ 
consistent weights probably resulted from the indeterminate amounts of blood 
pumped into the lungs after the cord was crushed. Fig. 9 B shows the neater 
uniformity in weights of lungs removed as soon as the rats were killed The 
increase in lung weights produced by AN1U is clearly demonstrated but the 
decrease that occurs after the third and fomth hour m our present experiments 
was not observed. Presumably the blood m the lungs masked this decrease 
Thus, in summary these observations have shown that after ANTU poison 
ing there was marked pulmonary edema for a period lasting f rom 


°m two to 


six 
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hours. After several hours, depending on the dosage, some or all of the excess 
fluid left the lungs. The edema was maintained longest in rats that leeene 1 


the largest doses. , 

It is likely that the fluid that left the lungs was contained in the lymph 
ducts, perivascular spaces, and alveolar walls, from which it could readily be 
absorbed through the right and left thoracic ducts or ultimately be aspirated 
to the pleural cavities. This will be discussed later. On the other hand it is 
likely that the fluid remaining in the lungs of rats with the higher dosages of 
ANTU was contained in the alveoli and alveolar ducts from which places, 
according to the recent results of Courtice and Simmonds, 11 it probably would 


not be absorbed for several days. 

Fluid does not fill many of the alveoli, or the bronchi and trachea until 
just before death. In some instances, large amounts of fluid leave the trachea 
after death, literally forming pools around the heads of the dead animals. 


C. THE INTERRELATIONSHIP OF PULMONARY EDEMA AND PLEURAL EFFUSION 

After separate consideration of the formation of pulmonary edema and 
pleural effusion, it is now possible to investigate how they are related—to 
establish whether fluid appears in the lungs and pleural cavities simultaneously 
or in sequence. This is significant in order to be able to determine whether 
the pleural fluid comes from the lungs or whether it comes from the visceral 
or parietal pleura. 

For this purpose, poisoned rats were killed and autopsied at frequent in¬ 
tervals during the first three hours after ANTU injection. 

Onset of Effect: Fig. 10 exhibits the pleural effusion and lung weight 
curves for four doses of ANTU (3, 5, 10, and 50 mg. per kilogram) with each 
point representing the sacrifice of an individual rat. Average lung weights 
and pleural effusion in normal rats, and their standard deviations, are indi¬ 
cated by dotted lines. 

Fig. 10A gives the curves for the rats on the 3 mg. per kilogram dose. It 
shows that the lungs of rats killed at thirty-three and fifty minutes were 
slightly heavier than the normal average. However, since these -weights fall 
within the standard deviation they can have only a doubtful significance. Dur¬ 
ing the same time, the pleural effusion remained within the average normal 
levels. By one hour and seven minutes, the lung weights had increased to 1.0 
per cent of body weight, which represented almost a maximum increase. In 
the same period of time the pleural effusion increased to 0.15 per cent, which 
is only about one-fortieth of the maximum capacity of the pleural cavities. 

The pleural effusion did not show a marked increase until near the end of the 
second hour. 

Fig. 10B gives the record for the rats that received the 5 mg. per kilogram 
dose of ANTU. Here again the lung weights showed doubtful mcreases°dur- 
mg the first hour, and a near-maximum increase just after the end of the first 
wur, when the pleural .effusion still showed only the slightest increase, if any 
P eural effusion did not show a marked increase until the early part of the 



lump weights pleural effusion 
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Figs. 10(7 and D give the records for the rats that received the 10 and 50 
mg. per kilogram dose, respectively, again showing that the lungs became well- 
filled with fluid before appreciable amounts of fluid entered the pleural cavities. 
However, it should be noted that the increase in both lung weight and pleural 
effusion occurred more gradually on the higher doses. 


ANTU 

PULMONARY EDEMA AND PLEURAL EFFUSION 

DOMESTIC NORWAY RATS INDIVIDUAL RECORDS 
PLEURAL EFFUSION 




edema‘and °p7eurai V e|tuslon after various doses ofANTO^BMh° f pUl t"°daW 
£o°rma1 » ^ " * nterrUpted Unes the avera ^ Sionlof 


A study of the curves of Fig. 5 shows that for rats on the 3 mg. per kilo¬ 
gram dose, the pulmonary edema began to recede during- the fourth hour at the 
time that the pleural effusion was increasing at a very rapid rate. The records 
for the rats on the other doses show essentially the same relationship. 

In summary these observations indicate that after ANTU poisonimr pul¬ 
monary edema develops before any appreciable amount of fluid appears in t he 
pleural cavity, and conversely, that the pulmonary edema begi„ s to 1>e 
the time that large amounts of fluid enter the pleural cavity. 

These observations indicate that fluid does not appear in the plearal cayities 
until the lungs have-hecome well Ailed. We may conclude that the pleural flu'd 
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probably comes from the lungs rather than from the visceral or parietal pleurae 
In other words the drug affects the permeability of the capillaries of the lungs 
only, not of those in the pleura or any other parts of the body. Drinker 1 has 
pointed out that the lung capillaries are particularly assailable also by anoxia, 
the chief reason being that these capillaries get their oxygen directly from the 
air that comes into contact with them, whereas the capillaries of other parts of 
the body get their oxygen from the common pool of arterial blood supplj. 

On the basis of clinical and experimental observations, Graham concluded 
in 1921 that the pleural fluid comes from the lungs. 13 He showed that respira¬ 
tion plays the most important part in the shift of fluid from the lungs to the 
pleural cavity. According to his thesis, the negative pressure in the thorax of 
an individual with edematous lungs suffices during the inspiratory phase to 
aspirate fluid from the luugs to the pleural cavity. The deeper the inspirations 
the more fluid finally gets aspirated to the pleural cavity. The fluid does not 
actually leave the lungs during the inspiratory phase, but is brought close to 
the pleural surface, from where during the following expiration, through shrink¬ 
ing of the lungs, the fluid is pressed out into the pleural cavity. 

Graham does not mention through what channels he believes the fluid flows 
from the lungs to the pleural cavity. Within the lungs it is likely that much 
of the fluid is conducted to the pleurae through the lymph duets. Maximow and 
Bloom state that when for any reason the lymph ducts that lead to the hilum 
nodes become blocked, fluid flows through the lymph ducts that follow the veins 
to the pleurae. 13 They state also that valves in the lymph ducts prevent the 
fluid from flowing back into the lungs. 

Early after poisoning with AN T TU the rats show changes in breathing, first 
a mild dyspnea, later heavy deep labored inspirations, strictly of the thoracic 
type. 


Thus, if we apply to the ANTU poisoned rats, the line of reasoning used 
by Graham, it would seem likely that progressively as the fluid appears in the 
lungs, or as the air spaces around the capillaries become decreased, breathing 
becomes deeper. Consequently, with each inspiration fluid is aspirated through 
the pleura and out into the pleural cavity. Once the fluid gets into the pleural 
cavity it cannot return to the lungs. The more the lungs become compressed, 
the smaller the breathing areas become, and as a result the more exaggerated 
the inspiratory efforts become. In this process all the excess fluid that can 
leave the luugs becomes aspirated into the pleural cavity. This may explain 
the decline of the edema that was reported above. It is unlikely that fluid 
that has already crossed to the alveolar spaces will be forced back into the 

lungs The amounts'of fluid that get into the alveoli probably determines the 
tate of the rats. 


Normal Rats .— 


D. BLOOD VOLUME 


of hhoTLT irjllt B ?» Weia1 ? : The curve ^ pig - 11 sw the 

blood that was obtained irom eighty-six normal rats of different body weigh 
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Ordinates represent the blood weight in per cent of body weight, the abscissas 
body weight in grams. Individual points on the curve represent averages lor 
body weight ranges of 50 Gm. It will be seen that tire blood weight is essentially 
constant in relation to body weight for rats between 100 and 250 Gm. As in the 
case of the lungs, the relative weight of these essential tissues is greater in the 
younger (small) animals, and distinctly less in animals weighing over 300 Gm. 
(with their greater proportion of body fat). For the 200 to 299 Gm. rats the 
mean was 3.5 per eeirt of body weight, with a standard deviation of 0.37, while 
in rats up to 50 Gm. the blood represented an average of 4.6 per cent of body 
weight. 


NORMAL BLOOD WEIGHT 



These weights were determined by the method of swabbing with cotton 
described previously. They fall short of determinations made by other 
orkers, presumably because the method does not assure complete withdrawal 
■ the blood. Some workers have reported a total blood weight of 4 per cent- 
jwever most of them give values near 6 per cent. 11 

ANTV Poisoned Bats .— 

Blood Weights: Fig. 12 shows the blood weight j^ 

ith the five different dosages of ANTU. Ordmates give the blood weights 
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in ner cent of body weight; abscissas time in hours after the injection of 
VKTU The points on the curves represent averages ot each hour up to nine 
hours;'aft®*that averages of two- to three-hour periods. -4s might have been 
anticipated from the other data, the blood weights ot the cats on the 1 mg. pe 
kilogram dose remained entirely unaffected by the drug. The blood ''eighs 
of the rats on the 3 mg. per kilogram dose decreased from o.b per cent to _.o 
per cent in the course of five hours, thereafter rising to more than 3 per cent. 
On the three higher doses, the blood weights decreased from levels near o.a 
per cent to a level near 1.0 per cent in seven to ten hours. A comparison ot 
all four curves with those for the pleural effusions in Fig. 4 and Fig. S shows 
that the blood weights decreased roughly in proportion to the increases m 
pleural effusion in the first five hours. 


ANTU 

BLOOD WEIGHT 



. Eig. 12.—Curves showing the average amount of blood obtained bv bleeding ANT17 
poisoned rats to death. Ordinates represent the blood weight in per cent of body weight- the 
tlr ?' e m *'° urs - Each dot represents the average for rats observed during each hour 
after poisoning. The curves are given for five doses of ANTU. 


At the time when the blood had been reduced to 1 per cent of the body 
u eight it had a dark color aud a viscous consistency. Again as might he 
anticipated, hematocrit determinations (AYintrobe) showed that the blood 
egan to become concentrated at about the same time as fluid first appeared 
m the pleural cavities and that thereafter the concentration and pleural 
effusion increased at much the same rate, while there was a corresponding de¬ 
crease m blood weight. Fig. 13 exhibits hematocrit values of the rats on the 

d0Se 0f ANTU - Fig - u shows tte hematocrit values of 
the iats that received the sublethal dose of 3 mg. per kilogram. 
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82 


THE JOURNAL OP THORACIC SURGERY 


Ordinates represent the blood weight in per cent of body weight, the abscissas 
body weight in grams. Individual points on the curve represent averages for 
body weight ranges of 50 6 m. It will be seen that the blood weight is essentially 
constant in relation to body weight for rats between 100 and 250 Gm. As in the 
case of the lungs, the relative weight of these essential tissues is greater in the 
younger (small) animals, and distinctly less in animals weighing over 300 Gm. 
(with their greater proportion of body fat). For the 200 to 299 Gm. rats the 
mean was 3.5 per cent of body weight, with a standard deviation of 0.37, while 
in rats up to 50 Gm. the blood represented an average of 4.6 per cent of body 
weight. 


NORMAL BLOOD WEIGHT 



death F '(%lood swabbed S 'aJter'^-iittirii!' ai J l oTl 1 i lt ^ of ^lood obtained by bleeding normal rats to 
gram'mtervalf ht ^ ^ rafc The S °‘ id “nnect/tl^'verag^'bfood we^htffor^cTw 3 - 


These weights were determined by the method of swabbing with cotton 
as described previously. They fall short of determinations made by other 
workers, presumably because the method does not assure complete withdrawal 
of the blood. Some workers have reported a total blood weight of 4 per cent; 
however most of them give values near 6 per cent. 14 

ANTU Poisoned Rats .— 

Blood Weights: Fig. 12 shows tire blood weight curves for the rats poisoned 
with the five different dosages of ANTU. Ordinates give the blood weights 
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in per cent of body weight; abscissas time in hours after the injection of 
ANTU. The points on the curves represent averages of each hour up to nine 
hours; after that averages of two- to three-hour periods. -Vs might have been 
anticipated from the other data, the blood weights of the rats on the 1 mg. per 
kilogram dose remained entirely unaffected by the drug. The blood weights 
of the rats on the 3 mg. per kilogram dose decreased from 3.6 per cent to "-.d 
per cent in the course of five hours, thereafter rising to more than 3 per cent- 
On the three higher doses, the blood weights decreased from levels near 3.0 
per cent to a level near 1.0 per cent in seven to ten hours. A compaiisou of 
all four curves with those for the pleural effusions in Fig. 4 and Fig. S shows 
that the blood weights decreased roughly in proportion to the increases in 
pleural effusion in the first five hours. 


ANTU 

BLOOD WEIGHT 



• Ae time When the bl ° 0<i had been reducecl t0 1 P er cent of the body 
o t it had a daik color and a viscous consistency. Again as might be 
antimpated, hematocrit determinations (Wintrobe) showed that the blood 
n.au o become concentrated at about the same time as fluid first appeared 
IL P . eUral cavities and that thereafter the concentration and pleural 
“™ 0R "IT 63 ? 611 at much the same cate, while there was a corresponding de- 
5 * 1,1 l°f U ' elght ‘ F ‘ S ' 13 exMhits hematocrit values of the rats on the 

th Lr t 1 h^ ' ?ram i d< r 0f ANTU - 14 sh0 "-s the hematocrit values of 
rats that received the suhlethal dose of 3 mg. per kilogram 
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Thus, in summary, these observations show that after ANTU poisoning, 
the large amounts of fluid that till the lungs and pleural cavities have come to 
a large extent from the extracellular fluid of the blood. However, in instances 
in which the fluid in the lungs and pleural cavities amounts to 4 to 6 per cent 
of the body weight, the approximate equivalent of the total blood volume, it 
is clear that some of the fluid must also come from the interstitial sources of 
the extracellular supply. 


ANTU 

HEMATOCRIT 



Fig. 13.—Curves showing the hematocrit readings for individual rat, . . , , 

receiving 5 mg. per kilogram of ANTU by mtraperitoneal V fnject' in ^ ervals aIter 


CHEMISTRY AND CYTOLOGY OF THE BLOOD AND PLEURAL EFFUSION OF ANTU 

POISONED RATS 

Chemical and cytologic studies of the blood and pleural effusion were 
not made at regular intervals after poisoning with ANTU. This will be done 
in a later study. Observations were made only on a small number of animals 
that were killed and autopsied about six hours after having received a 50 mg 
per kilogram dose of ANTU. However, the incomplete data thus obtained 
may help to throw some further light on the characteristics 0 f the nWil 
effusion and blood of ANTU poisoned rats and of their interrelationship,. 

Table I shows that the content of sodium and potassium i n the pleural 
fluid of ANTU poisoned rats is essentially the same as in the bl 0od serum of 

normal rats. 



■ S5 


- i •• *•• •' 

normal or of ANTU poisoned rats t o{ cont rol normal rats 

Table III shows that the wue f u 556 vep0 rted by Scar- 

averaged 13,630, which h^1>« the e lh „ count o£ 18,819 

“Xtol"the pleural effusion was very much lower, 
1,770; in some rats it was as low as I00. 
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Table I. Average Sodium and Potassium Content of Blood Serum and Pleural Effusion 


Normal Bats (8) 

Blood serum 

ANTTJ-poisoned rats (5) 
Pleural fluid 


SODIUM 
MEQ/1 . 


144.1 

(139.6-148.3) 

136.0 

(129.0-145.0) 


POTASSIUM 

MEQ/1 


4.6 

(3.T-4.8) 

4.1 

(3.4-4.3) 


Table II. Average Specific Gravity and Protein Content of Blood Plasma 
and Pleural Effusion 


Normal Bats (8) 

Blood Plasma 
ANTU-Poisoned Bats (8) 
Blood Plasma 
Pleural Fluid 


SPECIFIC 

GRAVITY 

PROTEIN GRAMS 1 

PER CENT 1 

1.024 

5.91 

(1.023-1.026) 

(d.5-6.5) 

1.024 

5.81 

(1.021-1.028) 

(4.8-7.2) 

1.020 

4.74 

(1.018-1.022) 

(3.8-5.2) 


TOTAL NITROGEN 
GRAMS PER CENT 


1.042 

(0.926-1.168) 

0.675 

(0.604-0.734) 








86' 


THE .JOURNAL OE THORACIC SURGERY 


Table III. Average Cell Context for Blood and Pleural Effusion 



W.B.C. 

MONO* | 
CVTES | 

LYMPHO¬ 

CYTES 

NEUTRO¬ 

PHILS 

EOSINO¬ 

PHILS 

JUVE¬ 

NILES 

Normal Rats (11) 

18,030 

0 

70.4 

25.7 

3.0 

0 

Blood 

(5,050-29,250) 


(44-83) 

(14-49) 

(1-7 ) 


ANTU-Poisoned Rats 

17,455 

0 

50.0 

47.0 

1.0 

2.0 

Blood (18) 

(0,050-29,550) 

(0-1) 

(38-50) 

(43-58) 

(0-1) 

(0-5) 

Pleural Effusion 

1,770 

2.3 

70.4 

3.5 

14.8 

3.0 

(15) 

( 700- 3,925) 

(0-10) 

(48-96) 

( 0-14) 

(3-40) 

(0-8) 


The next five columns give the differential count of the white blood cells. 
In the blood of normal rats the percentages of lymphocytes were almost three 
times as high as that of the neutrophils and there were only a few eosinophils. 
In the blood of ANTU poisoned rats the percentage of lymphocytes was re¬ 
duced, and correspondingly the percentage of neutrophils was increased. 

the pleural effusion contained a high proportion of lymphocytes, almost 
no neutrophils, and many eosinophils. These results show that lymphocytes 
and eosinophils pass into the pleural cavity very readily, hut neutrophils pass 
only in very small numbers if at all. 


behavior changes 

During the first thirty to sixty minutes after poisoning the animals tended 
to become less active. Thereafter they sat curled up in a corner of their cage 
and neither ate noi drank, until they were sacrificed or died, that is providing 
they received a lethal dose. When they received a sublethal dose they started 
to eat and drink, and to become active at varying times after the eighth to 
tenth hours. 

OTHER PHYSIOLOGICAL CHANGES 

At the same time when fluid began to fill the lungs, body temperature 
dropped sharply , 2 gastric evacuation was delayed , 18 and the rats became anuric . 19 

GENERAL SUMMARY OF DISPOSITION OP EXTRACELLULAR FLUID AFTER 

ANTU POISONING 


On the basis of the results of the present studies, and of the work of 
Drinker, 5 Drinker and Hardenbergh, 25 Latta/ Graham , 12 an attempt may now 
be made to give a schedule of the events involved in the disposition of the 
extracellular fluid after it leaves the lung capillaries of ANTU poisoned animals. 

1. The fluid surrounds the capillaries and flows through the interalveolar 
spaces until it reaches the lymph ducts and is absorbed. 

2. In the lymphatic ducts it is carried toward the hilar nodes and from 
there to the right and left thoracic lymph duets that lead to the subclavian 


veins. 


is. 

3 The fluid very soon appears in large amounts in the perivascular 
spaces, forming pools of fluid that surronm not only the bl„ 0<1 vessels but the 
lymphatic ducts. How the fluid gets from the Lnrphat.c ducts to these spaces 
is not known. At the l.ilum these fluid-tilled spaces are readily visible through 

the pleura. 
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4. Extracellular fluid leaves the capillaries faster than it can be removed 
by the right and left thoracic lymph ducts. As a result the fluid is foieed o 
floiv either into the alveoli or in the opposite direction m the lymph ducts to 


the pleura. 

5. Areas of contact between the air and the lung capillaries are greatly 
reduced, partly by fluid that surrounds the capillaries, partly by fluid that is 
present in the alveoli. Both ventilation and gas exchange becomes impaired, 
and breathing becomes deeper. 

6 . The deeper inspirations increase the negative intratlioracic pressure 
and fluid in the lungs near the pleura is aspirated toward the surface. Valves 
in the lvmph ducts prevent the fluid from flowing back into the lungs: so as 
the lungs contract with each expiration, fluid is squeezed out into the pleural 
cavity. However, the anatomy of the transudation process by uhich fluid gets 
from lymphatics of the visceral pleura to the pleural cavities remains unknown. 

7. The pulmonary edema soon reaches a maximum level—fluid fills the 
interalveolar spaces, the lymph ducts, perivascular spaces, and many of the 
alveoli, especially those located near the pleura. 

8 . The fluid that leaves the lungs with each expiration begins gradually 
to fill the pleural cavities, surrounding and compressing the lungs, and limit¬ 
ing the space available to them. 

9. Owing to the compression of the lungs, and the difficulty of achieving 
a full inflation, the inspirations progressively become deeper and deeper. 
Fluid is aspirated at such a rapid rate that the lung edema recedes—that is, 
less fluid remains in the lymph ducts and perivascular spaces. Fluid that has 
already entered the alveoli probably stays there since it cannot readily he 
absorbed. 


10. At a considerably later stage fluid fills the entire pleural cavity, 
pushing the diaphragm to its limit, well down into the abdominal cavity, and 
distending the thorax. Fluid that is still escaping from the capillaries, enters 
the alveoli, and soon asphyxiates the animal. In the last stage fluid fills the 
bronchi, trachea, and actually flows from the nose to form a pool around the 
dead animal. 


DISCUSSION 

In these studies on rats it was shown how, with the use of AVTU ami quan¬ 
titative methods for the measurement of pulmonary edema and plem-al effusion, 
the course of the flow of extracellular fluid can be followed from the time the 
fluid leaves the lung capillaries until it becomes distributed to the many parts 
oi the lung, pleural cavities, or returned to the blood stream. It is of special 
importance that this flow can he thus followed in animals without the com- 
6S 31136 m man fl '° m presenee °f infection and defective cardiac 


to ip? the - baSiS ° f the results dis P la >'ed in the charts it should be possil 
various agents, such as morphine, atz-opine, and various surgical p. 
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cedures, such as sympathectomies, that are reported to have an effect on pul¬ 
monary edema and pleural effusion. It should also be possible to test various 
theories about the origin of these phenomena. 

The quantitative methods described in this report may also be used for 
the study of the pulmonary edema and pleural effusion produced by other 
agents and surgical interferences, such for instance as vagotomies, brain 
lesions, nephrectomies, exercise, and stress. 

Many of the investigations on pulmonary edema and pleural effusion will 
have to be done on the rat, since it is fairly expendable. Some investigations 
can be made, however, on the dog, an animal that, like the rat, gives quite 
constant and reproducible results. Owing to its large size the dog will in some 
instances lend itself for experiments for which the rat is too small. 

A study of thiourea derivatives- 1 other than ANTU may throw further 
light on the underlying mechanisms. 

The extent to which results obtained from the rats and dogs can be trans¬ 
lated to man is not known, however, it is likely that the mechanisms involved 
will not be very different. One of the chief anatomic differences is that the 
rat and dog have a “thin” pleura, whereas man has a “thick” pleura. 22 


It is well known that pulmonary edema and pleural effusion may appear 
in man quite as quickly as in the rat. Graham 12 mentioned that in patients 
suffering from a streptococcal pneumonia as much as 1000 c.c. of fluid had 
been removed from one thoracic cavity within a day or two after the start of 
the illness. 


Observations made by Yamada and co-workers 23 on the pleural fluid of 
normal healthy soldiers while resting or after exercising may be pertinent at 
this point. By thoracentesis Yamada was able to draw out varying amounts 
of fluid (up to 20 Gm.) from as many as 50 per cent of unexercised soldiers; 
and larger amounts in 70 per cent of exercised soldiers. It is possible, there¬ 
fore, that fluid appears far more often in the pleural cavities than might have 
been suspected. 


The prominence of the part played by the perivascular spaces in the hmg 
edema produced by ANTU calls attention to the great lack of knowledge 
about these structures. That little should be known about them probably i s 
not too surprising, since in the normal lung thev are not visible. To what 
extent they i esemble perivascular spaces found in other organs, for instance 
the brain or liver, we have not been able to decide. 

The demonstration of large numbers of eosinophils in the pleural fluid 
also requires special comment. Clinically eosinophilia of pleural fluid has 
been found in cases of tuberculosis and lobar pneumonia as well as in hyper¬ 
sensitivity diseases, asthma, and Loefffer’s syndrome. 21 The observations re¬ 
ported here show that such eosinophilia may appear in the absence of such 
states. It is noteworthy that an eosinophilia of pleural effusion and a reduc¬ 
tion of eosinophils in the blood stream has been produced with some regularity 
in patients by pneumothorax. 25 - 20 
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The ability to produce eosinophilia with a fair degree of constancy with 
*KTU offers an opportunity to study the appearance of eosinophils in t i 
pleural fluid under experimental conditions, free from complications a 

infections. „ .. 

Attention may be drawn to the fact that much larger amounts of fluid 
can be obtained in ANTU poisoned rats than from the blood of normal rats. 
The ready availability of such large amounts of plasma may be made use o 
for a number of different investigations. 

The exsanguinating technique used in these experiments was adopted at 
the suggestion of Dr. Arnold Rich, and the results obtained agree with those 
reported by Durlacher, Banfield, and Bergner on post-mortem edema . -7 They 
found that when the lungs of rabbits were weighed immediately after death 
the method of killing did not make much difference in the observed weights; 
except that the lungs were lightest when the rats were killed with ether. The 
microscopic examination showed that the alveolar walls were devoid of blood 
in animals sacrificed by exsanguination or ether. Animals killed with nem¬ 
butal, magnesium sulphate, or a blow on the head showed great differences in 
lung weights when they were not autopsied for several hours; animals killed 
by exsanguination did not show these changes. 

Finally, attention should be drawn to one aspect of the effect of ANTU 
which has not been mentioned: that it produces all the characteristics of 
shock. That it should show these characteristics is not surprising when we 
consider the loss of the great amounts of extracellular fluid that the reaction 
involves. Along noth the increase in hematocrit readings, body temperature 
drops sharply to very low levels, blood sugar increases, anuria sets in, gastric 
evacuation is retarded, and the animals stop eating and drinking. These clini¬ 
cal aspects null be discussed in detail in a later paper. 

summary 

1. Quantitative methods are described for the study of the physiology of 
pulmonary edema and pleural effusion as produced in the Norway rat by alpha- 
naphthyl thiourea (ANTU). 

2 . The amount of moisture in the pleural cavities of normal rats weighing 
200 to 300 Gm. averaged 0.05 per cent of body weight; the lung weights aver¬ 
aged 0.56 per cent of body weight. 

3. The rats were injected with ANTU at five different doses, 1, 3, 5 , 10, and 
30 mg. per kilogram of body weight and were killed and autopsied at regular 
intervals. The first two doses are subletkal, the LD50 being 4.1 mg. per kilogram. 

A In some instances pulmonary edema appeared to begin as soon as thirty 

mnnues after ANTU injection; in most animals it was well started by the end 

o, . fi f st hour - 11 ^cached a maximum, 0.5 to 0.8 per cent of body weight 

intS u SeC °i d aUd f ,° Urtl1 h0UrS and tllereat ' ter either decreased oi resulted 
m death, depending on the dosage. 

,,, . 5 ' T , he pleural effusion began after the first hour and increased sharnlv 
during tar. Pol . the Mst * ,«„ tar, it intvejd" a c0 
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and rapid rate, reaching levels near 3,5 per cent. In some animals it amounted 
to 5 to 6 per cent. 

6 . The rate of production of pleural fluid present during the first ten 
hours was essentially independent of the dosage of ANTU with doses above 
3 mg. per kilogram. 

7. In rats that received sublethal doses of ANTU the fluid in the lungs 
and pleural cavities was quickly absorbed within fifteen to twenty hours or 
less in some instances. 

8 . The lungs definitely became well filled with fluid before any appreciable 
amounts of fluid appeared in the pleural cavities. 

9. The amount of blood recovered from bleeding normal rats to death 
averaged 3.6 per cent of body weight for rats weighing from 200 to 299 Gm. 

10. After ANTU poisoning these amounts of recovered blood decreased to 
levels as low as 1.0 per cent, when the blood was very thick and dark in color. 

11. The hematocrit increased to levels as high as 80 within ten hours 
after poisoning. 

12 . Chemical studies showed that the pleural effusion and blood contained 
the same amounts of sodium and potassium. 

13. The protein content of the pleural effusion averaged 4.44 Gm. per cent 
(normal for blood 5.91); total nitrogen 0.675 Gm. per cent (normal 1.042). 

14. Cytological studies showed that the total number of white blood cells 
in the blood plasma was somewhat higher in ANTU poisoned rats than in nor¬ 
mals. The pleural effusion contained only about one-tenth as many white 
blood cells as were present in the blood serum of the ANTU poisoned rats. 
The plasma of normal rats contained about three times as many lymphocytes 
as neutrophils and only a few eosinophils, whereas in the plasma of ANTU 
poisoned rats the lymphocytes and neutrophils were present in almost equal 
numbers, and eosinophils were fewer, if anything. The pleural effusion con¬ 
tained almost no neutrophils, and a correspondingly higher percentage o£ 
lymphocytes. It also contained a much higher percentage of eosinophils. 

15. The various steps probably involved in the production and control of 
the pulmonary edema and pleural effusion were discussed. 

16. It was pointed out that the curves for the pulmonary edema and 
pleural effusion may also be used as base lines for testing the effects of various 
agents, such as vagotomy, nephrectomy, exercise, and stress. 

These experiments were carried out with the help of a number of workers who 
assisted me at various times after the start of the investigation in 1943. Dr. Sally H. 
Dieke, Mrs. Kathryn H. Clisby, Dr. George S. Allen, Mr. Henry N. Wagner, Jr., Dr- 
Katherine K. Rice, and Mr. John O. Neustadt helped in the preparation of the manuscript, 
and Mr. Thomas A. Stebbins and Zolton Yuliasz made the drawings. I am also indebted 
to Drs. Cecil K. Drinker, Arnold R. Rich, Henry M. Thomas, Jr., Richard Riley and Donald 
F. Proctor for helpful suggestions and criticisms. 
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and rapid rate, reaching levels near 3.5 per cent. In some animals it amounted 
to 5 to 6 per cent. 

6 . The rate of production of pleural fluid present during the first ten 
hours was essentially independent of the dosage of ANTU with doses above 
3 mg. per kilogram. 

7. In rats that received sublethal doses of ANTU the fluid in the lungs 
and pleural cavities was quickly absorbed within fifteen to twenty hours or 
less in some instances. 

8 . The lungs definitely became well filled with fluid before any appreciable 
amounts of fluid appeared in the pleural cavities. 

9. The amount of blood recovered from bleeding normal rats to death 
averaged 3.6 per cent of body weight for rats weighing from 200 to 299 6m. 

10. After ANTU poisoning these amounts of recovered blood decreased to 
levels as low as 1.0 per cent, when the blood was very thick and dark in color. 

11. The hematocrit increased to levels as high as 80 within ten hours 
after poisoning. 

12. Chemical studies showed that the pleural effusion and blood contained 
the same amounts of sodium and potassium. 

13. The protein content of the pleural effusion averaged 4.44 Gm. per cent 
(normal for blood 5.91) ; total nitrogen 0.675 Gm. per cent (normal 1.042). 

14. Cytological studies showed that the total number of white blood cells 
in the blood plasma was somewhat higher in ANTU poisoned rats than in nor¬ 
mals. The pleural effusion contained only about one-tenth as many white 
blood cells as were present in the blood serum of the ANTU poisoned rats. 
The plasma of normal rats contained about three times as many lymphocytes 
as neutrophils and only a few eosinophils, whereas in the plasma of ANTU 
poisoned rats the lymphocytes and neuti’ophils were present in almost equal 
numbers, and eosinophils were fewer, if anything. The pleural effusion con¬ 
tained almost no neutrophils, and a correspondingly higher percentage of 
lymphocytes. It also contained a much higher percentage of eosinophils. 

15. The various steps probably involved in the production and control of 
the pulmonary edema and pleural effusion were discussed. 

16. It was pointed out that the curves for the pulmonary edema and 
pleural effusion may also be used as base lines for testing the effects of various 
agents, such as vagotomy, nephrectomy, exercise, and stress. 

These experiments were carried out with the help of a number of workers who 
assisted me at various times after the start of the investigation in 1943. Dr. Sally H. 
Dieke, Mrs. Kathryn H. Clisby, Dr. George S. Allen, Mr. Henry 1ST. Wagner, Jr., Dr. 
Katherine K. Rice, and Mr. John O. Neustadt helped in the preparation of the manuscript, 
and Mr. Thomas A. Stebbins and Zolton Yuhasz made the drawings. I am also indebted 
to Drs. Cecil K. Drinker, Arnold R. Rich, Henry M. Thomas, Jr., Richard Riley and Donald 
F. Proctor for helpful suggestions and criticisms. 
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One hundred eighteen, or 51.3 per cent, of those living in Groups I and II have 
been followed from five to seventeen years and have arrested or apparently cured 
tuberculosis, whereas 13, or 5.6 per cent, of this group still have active disease. 
Of those living and followed less than five years, 64, or 27.8 per cent, have 
arrested or apparently cured disease. In combining the two groups we find 
that 194, or 84.3 per cent, of those living or dying from causes unrelated to 
tuberculosis had or have arrested or apparently cuz'ed tuberculosis. Thirteen, 
or 5.7 per cent, are apparently well but have positive sputum or gastric cultures, 
and 35, or 15.2 per cent, have active tuberculosis. 

COMMENT 

Although the number is small and not statistically significant, there were 
no striking differences noted in results in the various age, sex, or racial groups. 
Better results in the “good chronic’’ have generally been observed, and hold 
true in this series, although nine of ten patients with caseous pneumonic disease 
have sputum conversion on culture, and one is positive on culture only. All 
patients had one or more courses of streptomycin prior to and during operation. 
Poorer results have been observed in giant cavitary lesions, in markedly destruc¬ 
tive disease, and where there is tuberculous tracheobronchitis. Similar observa¬ 
tions were made by Rubin and Klopstoek. 2 Nineteen patients in the series had 
concomitant systemic diseases, such as diabetes, cardiovascular disease, peptic 
ulcer, and hyperthyroidism. Twenty-nine had respiratory complications such 
as asthma, bronchitis, bronchiectasis, pneumonoconiosis, and emphysema. With 
the use of sulfonamides and penicillin in this series, secondary wound and 
pulmonary infections were seldom encountered. Streptomycin and other anti¬ 
tuberculosis drugs were often used in recent years during the operative period 
to prevent or reduce postoperative spread. Physiotherapy, including preopera¬ 
tive and postoperative exercises, has been used in recent years with noticeably 
less chest deformity. 

LATE RESULTS REPORTED IN THE LITERATURE 

Results in the literature during the last two decades 1 ' 3-11 reveal improve¬ 
ment in the majority of patients operated upon, although consistency in evaluat¬ 
ing results of sputum conversion makes comparison difficult. Reports on 
sputum conversion, the best evidence of a lasting and permanent result, are often 
omitted, and, if given, some reports of conversion are based on microscopic 
absence of the tubercle bacillus on direct smear or on concentrate only. In 
recent years an increasing number includes the more dependable cultural studies 
of sputum or gastric washings, or both, and animal inoculation. In the original 
series, 63 per cent of patients converted on repeated examination of concen¬ 
trated sputum. Animal inoculation was not routinely done on all. The late 
results in this series have included sputum or gastric culture in most instances. 
In the second series of 188, all results are based on conversion of sputum or 
gastric washings on culture. 

In evaluating the late results in thoraeoplastry for pulmonary tuberculosis, 
Dolley, Jones, and Paxton, 7 in 1939, found a total of 1,636 cases reported in 
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the literature and 43 per cent were improved. In 1941 Skinner and associates - 
«n.dt of 100 Ls followed fvom UM to 1941, 54 pet- cent were; ap- 
parently cured.” Douglass" in 1947 reported that 69 of 102 patients subjected 
5TS15U were classified as -good.” win* mi»ucs that sputum be 
absent or microscopically negative at the fifth year atter operation. Of 168 
patients reported by Rubin and KlopstocID in 1949, 141 were followed foi a 
period of from two to six years, and of these 63.1 per cent had arrested disease 
with negative sputum or gastric concentrates on culture. Kinsella and co- 
workers" in 1949 reported that of 613 patients receiving thoracoplasty for 
pulmonary tuberculosis at Glen Lake Sanatorium, followed from five to twenty- 
six years, 66.8 per cent were alive, and 88.1 per cent of patients with positive 
sputum converted to negative “according to the direct examination technique 
used at the sanatorium over the years covered by the study." Recently, Gutlieil, 
Steele, Cadden, and Sakaguchi" reported results of thoracoplasty for pulmonary 
tuberculosis in 254 patients, followed for two to ten years. Cultures of pulmo¬ 
nary secretions were negative in 193, 67 per cent of patients. Hagn-Ideineke 10 
reported late results in 420 cases subjected to thoracoplasty at the Oresunds- 
hopsital, Copenhagen, Denmark, followed for less than one-half to more than 
two years. At the end of the observation period, 193, 46 per cent, were classified 
as ‘‘healthy,” which included negative cultures of sputum or gastric washings. 
Follow-up is not sufficiently long in this series to evaluate late results. 


SUMMARY AND CONCLUSIONS 

From 1932 through July, 1948, 334 patients received thoracoplasty for 
pulmonary tuberculosis at Grasslands Hospital. Follow-up through 1949 {one 
to seventeen years) reveals that 230 are living and 104 are dead from all causes. 
One hundred ninety-four, or 58.0 per eent, attained arrest or apparent cure of the 
disease, 12 of these died from unrelated causes; 13, 3.8 per cent, are symptom 
free and positive only on culture of sputum or gastric washings; and 35 have 
active disease. Results reported here compare favorably with other reports on 
late results from thoracoplasty and emphasize the competence of thoracoplasty 
in the treatment of pulmonary tuberculosis. Among the 230 living patients, and 
including 12 who died from causes unrelated to tuberculosis after arrest of 
their disease, S4.3 per cent had or have arrested or apparently cured tuberculosis. 
Late results in thoracoplasty justify its prominent place in the surgical treat¬ 
ment of pulmonary tuberculosis. 
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THE SURGICAL SIGNIFICANCE OP CALCIFIED PA R ABR ON CHI AL 
AND PARATRACHEAL LYMPH GLANDS 
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V ERY little direet attention has been focused on the sui'gic-al significance 
of calcified lymph glands producing bronchial obstruction with atelectasis, 
cough, hemoptysis, bronchiectasis, and hronchiolithiasis. The normal distribution 
of these glands in and about the tracheobronchial tree, particularly at points 
of bifurcation, permits pressure and bronchial obstruction by these nodes when 
they become diseased, with consequent enlargement or calcification. The exact 
mechanism of the production of calcification in lymph glands cannot always be 
determined. However, it is known that any dying or dead tissue surrounded by 
living tissue and accessible to body fluids has a tendency to take up calcium 
salts in the process of healing. Such changes are common following tuberculous 
infections, histoplasmosis, or chronic suppurative processes. Since such dis¬ 
orders are commonly encountered in the lungs, it is surprising that there is 
not an even higher incidence of calcification in the filtering tracheobronchial 
glands. Probably the calcification of most tracheobronchial lymph glands occurs 
as a result of primary tuberculous infection during childhood. 

Tuberculous infection of tracheobronchial or hilar lymph glands as part 
of the primary complex producing atelectasis, obstructive emphysema, and 
subsequent bronchiectasis in the lungs of children has been not uncommonly 
reported in the literature. 1-4 Many instances of brouehoesophageal fistulas 
resulting from erosion by calcified lymph glands are recorded. 3 Also, ease 
reports of spontaneous cures following extrusion and expectoration of the calci¬ 
fied contents of lymph glands are not unusual. 6 Only recently, however, has. 
the attention of the thoracic surgeon been focused on the possibilities of the 
surgical management of lesions produced by obstructing inactive calcified para- 
bronchial glands. Head and Moen, 6 in 1948, reported ten cases demonstrating 
some of the late nontuberculous complications of calcified hilus lymph nodes. 
In this series only one case of middle lobe obstruction was subjected to open 
thoracic operation. Buckles, 7 in 1949, suggested a more direet surgical approach 
to calcified hilar glands producing bronchial obstruction, and emphasized that 
in the past insufficient importance had been attached to the mere presence of 
these calcified nodes. 

In many instances, the roentgenograpliic findings of atelectasis, along with 
ajustory of cough and hemoptysis, are very properly thought to result from 
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a primary bronchiogenic malignancy until extrabronchial compression with or 
without erosin by calcified parabronehial lymph glands is demonstrated at 
operation to be the actual cause of the symptoms and findings. 

Final etiological diagnoses, even following endoscopy and bronchography, 
are often impossible to make preoperatively because of the usual extrabronchial 
location of the calcified gland producing the bronchial compression. For this 
reason, also, it is difficult to differentiate these lesions from primary bronekio- 
genic carcinomas which are not uncommonly found outside of the bronchial 
wall and can produce bronchial compression and atelectasis without presenting 
within the lumen. 



Fi( , i.— (Case 1.) Arrow points to calcification. Note atelectasis in left , Qwep ^ 


As with many other nonmalignant lesions producing obstruction 
toms simulating carcinoma, surgical^excimon lung 

the calcified lymph glands invariably insults a erne. 


with symp- 
along with 
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To illustrate graphically the practical application of these observations, 
recent experiences with three patients are presented. 

CASE REPORTS 

Case 1.—M. H., a 47-year-old white woman, was admitted to Christ Hospital on Xov. 
10 , 1950, with a protracted four-year history of cough, hemoptysis, purulent sputum, and 
constantly recurring upper respiratory infections. The patient had previously been studied 
in another hospital where bronchographie examination had revealed bronchiectasis in the 
lower lobe of the left lung. At the time of admission to the local hospital the patient was 
running a low-grade fever and presented signs and symptoms of a pneumonic infection in 
the left lower lobe. Routine studies of the urine and blood revealed no abnormalities. 


Fig. 



-(Case 1.) Buck}- film reveals three areas ot calcification 

cified body within lumen of brmwhSs.' arrow P01nts t0 cal- 


hospitai ^:s:d n s: t - oj rr, r utsea< ™ ° f the <*** ^ - adm™ t0 the 

ifi which bronchiectasis had been previo^v'd^ribeZ” T? °J ^ ^ * tbe 
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Bronchoseopic examination on Nov. 25, 1950, revealed wliat was thought to be a large, 
dirty-gray tumor mass arising from the wall of the left main-stem bronchus at a point one 
and one-half inches distal to the primary carina. The tumor was stony hard, so that a 
biopsy was difficult to obtain with the forceps. A crunching noise was produced when the 
forceps was applied. It was obvious at the time of this examination that we were dealing 
with a calcified lesion which was covered with epithelium and had produced almost complete 
obstruction of the left main-stem bronchus. Attempts to dislodge the tumor or' calcified 
body by endoscopic manipulation were unsuccessful because of one ramification which couhl 
be seen extending into the left upper lobe orifice. Scrapings were obtained from the epithe¬ 
lium covering the calcified body, and on microscopic examination in the pathology laboratory. 



chronic inflammation and polyp formation were described. Bronchial washi ^ 

, roentgeuograiu .1 U» ^ Pott „. B „w 

SS3.*S-^i w,- -*If—>"• — - -** 

(Big. 2). 
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Because of the location or the calcified body in the left main-stem bronchus in such 
a position that it could not be dislodged by endoscopic manipulation, and also because or t le 
findings of irreversible changes, namely, bronchiectasis in the lung distal to the point of 
obstruction, pneumonectomy was recommended. 

On Dec. 1, 1950, a left pneumonectomy was performed using the classical individual 
vessel ligation technique. Dissection in the mediastinum was made tedious because or exten¬ 
sive deposits of scar tissue and the presence of several firm but nonealcified lymph glands 
about the main-stem bronchus. The patient did well following the operation, and was dis¬ 
charged approximately two and one-half weeks after admission (Dig. 3). 



in orifice of 1 (fft'' unn!r [XT'"'f to c ¥- ci . flcat ioa in lett main-stem bronchus and anchored 

and advanced bronchiwtas°3 in lower^obi antenor Calcifled Parabroncliial lymph gland, 


htmn _ “ P . ee teectioa , of tlle lui1 ? following surgical removal revealed no evidence of 
* l ar3 ' 3 broncholitli which had the. configuration of a Staghorn calculus, such as is 
One U “ horn the peh ' 13 0f a Hdne - V ’ alnl0 -' t completely occluded the left main-stem bronchus, 
bronchus ^4 T Ti DOted a ^ tlie time of bronchoscopy, extended into the left upper lobe 
There was , slanJ wa * = ituated anterior to the left main-stem bronchus 

left Wp, 4) cylindrical and saccular bronchiectasis involving the lower lobe of the 
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COMMENT 

The serious significance of the calcified body in the left paramediastinuin 
was not appreciated before the bronchoscopic examination because of the rela¬ 
tively normal roentgenographic findings in the left upper lobe without gross 
evidence of atelectasis or mediastinal shift. Roentgenograms of the chest using 
Potter-Bueky technique made following the bronchoscopic examination, how¬ 
ever, for the first time revealed three calcified bodies, one of which was thought 



Fig. 5.—(Case 2.) . Admission roentgenogram of chest. Arrows point to three calcified lymph 
glands. Note density right lower mid-lung field. 


to be within the lumen of the left main-stem bronchus. This woman had suffered 
several years with recurrent upper respiratory infections which had been 
diagnosed as bronchiectasis of the left lower lobe, but there had not been any 
real understanding of the exact cause of the disease on the left side. This 
experience emphasizes the importance of an endoscopic examination prior to 
all bronchographic studies. 

Case 2._R. N., a 40-year-old white man, was admitted to Christ Hospital on Dec. 17, 

1950 because of the incidental finding, by roentgenologic examination, of an infiltrate or 
atelectasis in the lower right mid-lung field. The patient was entirely without symptoms - 
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referable to his chest, but because of a family history of pulmonary carcinoma he teas 
anxious to have further specialized investigation. At the time the patient was admitted to 
the hospital his father was dying from an inoperable carcinoma ot the lung. 

Roentgenograms of the chest made on admission revealed the area of infiltrate in the 
riaht lower mid-lung field which had been under observation between October and December, 
1950. Particular attention was focused on what were thought to be three calcined lymph 
"lands about the right tracheobronchial tree near the mediastnum (Fig. 5). 



Fig. 6.—(Case 2.) Posteroanterior projection bronchogram showing relationship of calcified 
glands to lobar bronchi Bronchiectasis not seen on this roentgenogram. 


Bronchoscopic examination on Dec. IS, 1950, revealed entirely normal findings except 
for an area of pin-point erosion on the anterior wall of the right lower lobe bronchus. The 
orifice of the middle lobe bronchus was easily visualized and presented no evidence of ob¬ 
struction or new growth. Material aspirated for cytologic study revealed atypical cells 
which were thought to arise from a primary malignant lung tumor. Acid-fast studies on 
the bronchial washings were negative for tubercle baeillL 

Bronehogram, performed following the bronchoscopic examination, revealed areas of 
saccular bronchiectasis involving one of the basal branch bronchi posteriorly in the riofit 
side. At the time of this examination the caleified lymph glands could be more accuratelv 
located above and below the right upper lobe bronchus and in the vieinitv of the rmht middle 
lobe bronchus (Fig. 6). = 
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A right posterior oblique projection roentgenogram again demonstrated the position of 
two calcified lymph glands above and below the right upper lobe bronchus, and the presence 
of a third calcified gland in the vicinity of the middle lobe bronchus. The middle lobe 
bronchus did not fill with oil despite the fact that the anterior divisions of the upper and 
lower lobe bronchi were well filled and adequately visualized. This excluded the possibility 
of improper positioning and failure of filling (Fig. 7). At the time of this examination 
the microscopic report on the bronchial washings was not available, and the significance of 
the calcified lymph glands was still not appreciated. It was our impression that we were 
dealing with a bronchiogenic carcinoma in the right middle lobe bronchus at a point distal 
to the orifice so that visualization by bronehoscopic examination was impossible. Exploratory 
thoracotomy' was recommended. 



Pie-. 7.— (Case 2.) Right posterior oblique projection bronchogram. Note absence of 
filling of right middle lobe bronchus and presence of calcified body at point of origin of 
right middle lobe bronchus. 


Operation was performed on Jan. 16, 1951. With the patient in the face-down position, 
the right thorax was entered through the bed of the sixth rib which was subperiosteally re¬ 
sected*^ its entirety. The right middle lobe was- completely atelectatic and replaced by 
firm dense, elastic tissue. There was an irregular area of increased consistency in the 
posterior portion of the right lower lobe where.bronchiectasis had previously been demon¬ 
strated by bronchographic study. Palpation of the central portion of the hilum of the 
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lung revealed a large, very firm mass, approximately two to four cm. in diameter, which 
because of its location deep between the lobar vessels and bronchi was not accessible for 
direct biopsy. In view of the gross findings of atelectasis and obstruction of the middle 
lobe with bronchiectasis and areas of increased consolidation in the right lower lobe, as 
well as the findings of a mass in the vicinity of the liilum of the right lung, and previously 
described bronchial washings which revealed possible tumor cells, a right pneumonectomy was 
decided upon. Removal of the right lung was accomplished with a great deal of difficulty 
because of extensive scarring of the mediastinum. During the course of the dissection, two 
traction diverticula of the esophagus were encountered about the right main-stem bronchus. 
These diverticula, which were inseparably attached to the two calcified lymph glands along 
the main-stem bronchus, were amputated and the resultant defects in the esophagus closed 
with interrupted sutures of fine silk. Postoperatively, the patient did well and was dis¬ 
charged on his 12tli postoperative day (Fig. S). 



Fig. 8.—(Case 2.) Roentgenogram of chest following right pneumonectomy. 

Dissection of the right lung in the pathology laboratory revealed no evidence of tumor 
There was total atelectasis with far-advanced bronchiectasis and destruction of the entire 
middle lobe. Tins resulted from complete occlusion of the middle lobe bronelms by the 
contents of an extrabronchial lymph gland which had eroded through the wall of the bronchus 
an extruded into the lumen. A small pin-point erosion in the anterior wall tl i - i 
branch bronchus with partial compression and bronchiectasis in the riffiit lower lobe h 
md also been produced by this same calcified extrabronchial .land The film m *T, 
palpated at operation near the hilurn of the lung corre^onded ffiloeffiiont EtS 
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bronchial calcified lymph gland just described. Following complete dissection of the middle 
lobe bronchus, one calcified body was seen to have eroded the inferior wall of this structure 
and then extruded into the lumen. Erosion at a second point in the opposite wall of the 
bronchus by pressure from the same calcified body had occurred so that it was lying in 
direct apposition with the pulmonary artery (Fig. 9). 



Fig. 9.—(Case 2.) Specimen ot right lung. Note complete destruction of right middle 
lobe resulting from obstruction by calcified particles extruded into the lumen of the bronchus. 
Arrow points to extra bronchial calcified gland producing compression of posterior basal 
bronchus with bronchiectasis. Probe is in pulmonary artery. 


COMMENT 

The findings in Case 2 illustrate some of the difficulties encountered in 
differentiating preoperatively between bronchial compression due to calcified 
lymph olands or carcinoma. The issue was further clouded in this particular 
instance because of the finding of tumor cells in the bronchial washings. 
Obviously, this was a false positive report. Surgical removal of the right lung 
obviated future difficulties which could have resulted from erosion of the pulmo- 




paratracheal lymph glands 107 


MAURER : CALCIFIED PARABROXCHIAL AND 

uary arterv by the calcified body or the development of esophagobronehial 
fistulas if the traction diverticula of the esophagus had been permitted to go 
untreated. 

Case 3._K. II.. a 34-vear-old white woman, was admitted to Good Samaritan Hospital 

on Sept. 17, 1947, with a diagnosis of tuberculoma, upper lobe, right lung. There was no 
history of cough, weight loss, or night sweats. 

Posteroanterior projection roentgenogram of the chest, made on admission to the hos¬ 
pital, revealed three circumscribed, nodular, homogeneous densities, 4 cm. in diameter, in the 
upper lobe of the right lung (Fig. 10). At the time of this examination calcined bodies were 
described along the right lateral wall of the trachea, and several calcified lymph glands were 



Fig. 10.—(Case 3.) Posteroanterior roentgenogram of chest showing tuberculoma of right 
upper lobe and calcified lymph glands along the trachea and right upper lobe bronchus. 

noted in the vicinity of the right tracheobronchial tree just inferior to the tuberculoma. 
The serious significance of these findings, however, was not appreciated until the time of 
operation. 

Bronchoscopic examination on Oct. 3, 1947, revealed almost complete oeclusion of the 
right upper lobe orifice by what appeared to be compression from an extrabronehial mass. 
No actual tumor or ulcer was encountered. Bronchial washings were negative for acid-fast 
organisms and tumor cells. 

Operation was performed on Oet. 17, 1947. The upper lobe of the right lung was 
almost completely replaced by firm elastic tissue, the central portion of which obviously con- 
tamed duid or pas. A right upper lobectomy which had previously been scheduled was 
round impossible because of the complete encirclement of the right upper lobe bronchus 
hi firm calcified lymph glands which were deeply embedded in the wall of this structure 
er a prolonged unsuccessful effort at dissection of these glands, pneumonectomv was 
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decided upon. Even this operation was found to be almost impossible to complete because of 
extensive calcification of the membranous wall of the main-stem bronchus and trachea with 
numerous calcified lymph glands inseparably embedded in the walls of these structures. One 
large accumulation of calcium presented in the mediastinum and was densely adherent to 
the pericardium. Dissection of the pulmonary vessels was made unusually difficult because 
of scarring in and about the mediastinum. After extensive dissection, an “S” shaped 
line of amputation across the right main-stem bronchus was finally developed and extended 
into the earina. This line of amputation passed between several calcified lymph glands, 
leaving just sufficient bronchial tissue so that good closure of the stump could he obtained 
with interrupted sutures of fine silk (Pig. 11). The calcified mediastinal plaque and a 
portion of the pericardium were removed with the right lung. Postoperatively, the patient 
did well and was discharged two weeks after operation. 



Fie IX.—-(Case 3.) Posteroanterior roentgenogram of chest following right pneumonectomy. 

Note calcified lymph glands along bronchial amputation stump and trachea. 

Section of the lung showed the upper lobe to be occupied by several large intercom¬ 
municating thick-wall abscesses containing thick green viscid pus. Acid-fast organisms were 
demonstrated both on direet smear and culture of the pus contained in the abscesses. 

COMMENT 

Tlxe serious importance of the calcified lymph glands seen on the l’oentgeno- 
orams of the chest in Case 3 was not realized prior to operation. The mere 
anatomic presence of these glands made necessary a radical complete pneu¬ 
monectomy instead of a simple right txpper lobectomy in tlxe management of a 
benign tuberculoma. 
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DISCUSSION 

The serious significance of the presence of calcified lymph glands in and 
about the tracheobronchial tree probably has not received sufficient emphasis 
in the past. In patients with isolated areas of atelectasis due to bioneliial com¬ 
pression bv calcified lymph glands, the clinical history, physical findings, roent- 
aenographic changes, and even endoscopic and bronchographic studies can be 
identical with the findings encountered in patients with atelectasis which is due 
to a peripherally located or extrabronchial pulmonary carcinoma. 

The third ease report illustrates the major surgical consideration an operator 
roav be forced into by the incidental finding at the tune of operation of deeply 
embedded calcified parabronehial lymph glands. The anatomic position of 
these calcified bodies about lobar bronchi may obviate adequate dissection and 
stump closure at this level and force the operator to amputate much higher with 
sacrifice of normal lung tissue. 

Valuable information about the presence of unsuspected calcified lymph 
glands and their relationship to the tracheobronchial tree can be obtained pre- 
operatively by more liberal use of heavy exposure roentgenograms and lamina- 
grams of the chest in eases where the exact cause of the atelectasis or abnormal 
infiltrate is not immediately apparent. 


CONCLUSIONS 


1. The serious significance of calcified lymph glands is not always appreci¬ 
ated until open thoracic operations show these structures to be the real cause 
of lung pathology, the exact etiology of which was originally obscure. 

2. The finding of calcified lymph glands by roentgenogram in and about the 
tracheobronchial tree is usually associated with dense scarring of the mediastinal 
and interlobar structures, and difficult surgical dissection at the time of opera¬ 
tion can be anticipated. 

3. The mere presence of nonobstructing calcified lymph glands about the 
lobar bronchi may necessitate the performance of more radical procedures than 
were preoperatively anticipated to remove lesions for which more conservative 
surgery is ordinarily recommended. 

4. Extrabronchial compression, with or without erosion by calcified lymph 
glands, can produce all of the symptoms and roentgenologic findings of primary 
pulmonary carcinoma. 

5. As with other nonmalignant lesions producing bronchial obstruction 
complete excision of the destroyed portions of lung with the calcified lymph 
gland will invariably result in a cure. 


6. Vo re careful preoperative roentgenologic studies of the chest using 
Potter-Buc-ky techniques and laminagrams are invaluable in demonstrating the 
presence of calcified lymph glands and their relationship to portions of the 
tracheobronchial tree which might be obstructed by compression. 


l. 
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Original Communications 


OPEN PNEUMONOLYSIS—ITS VALUE AND LIMITATIONS 
A Review of Thirty-six Operated Cases 

•T. Bruce, M.D., and C. C’rafoord, M.D. 

Stockholm, Sweden 

O PEN intrapleural pneumonolvsis is an old procedure. As early as 190S 
Friedrich performed the first operation of this kind. The result, however, 
was not very encouraging. When division of adhesions was attempted, cavity 
rupture occurred, and the patient died shortly afterward. In Sweden, open 
pneumonolysis was first performed by Key, in cooperation with Jacobaeus, in 
1915. To obtain sufficient working space, two ribs were resected and the lung 
was then freed extraplenrally, a procedure which was later recommended by 
many surgeons. Open pneumonolysis, however, never obtained general favor. 
Poor results, chiefly attributable to complicating specific and nonspecific 
empyemas, accentuated the lack of enthusiasm. Moreover, the field of indica¬ 
tions became more sharply circumscribed by the introduction of Jacobaeus’ 
closed intrapleural pneumonolvsis operation, and by the development of thora¬ 
coplasty technique. According to Kremer, only 100 open, as compared to 5,000 
closed pneumonolyses, were performed before 193S. 

In America, meanwhile, there were advocates of the open method. It even 
happened that open pneumonolvsis completely supplanted the closed procedure. 
Certainly Alexander, in Ann Arbor, who is a pioneer in this field, stated in 1995 
that “thoracoplasty is preferable to pneumothorax which must be preceded by 
so risky an operation as open intrapleural pneumonolvsis.” But further ex¬ 
perience led him, in 1937, to express some degree of alteration in his views He 
said then, “developments in the technique of open intrapleural pneumonolysis 
e made the operation a valuable one for a small group of patients ” In'tlm 
same year, Alexander reported a series of his own, comprising twentv-ninc 
cases and renewed the experiences of certain other American surgeons ‘ 

When extrapleural pneumothorax was thereafter introduced as a tlmm 
l «,c measure, communication with the pleural eavity somstimes LL when 

srts™ r, T, “ “ ,,aps ! ,,ms «*-** is 
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collapse, no fundamental difference is implied if, on inducing extrapleural pneu¬ 
mothorax, free communication with the pleural cavity is obtained, or if the 
pleura is first opened and the lung thereafter freed extrapleurally, which is 
what commonly happens. Holst stated also in 1946: “If one wishes to enter 
the extrapleural space directly as in extrapleural pneumothorax or transpleu- 
rally through a free pleural cavity is a question of choice of technical method in 
each individual case.” 

The early 1940’s saw a reawakening in Sweden of the dormant interest in 
open pneumonolysis. The operation was taken up by one of the writers (Clra- 
foord) in cooperation with various other phthisiologists (Dahlstedt, Gullbring, 
Westergren) and by Hulten in cooperation with Hedvall. In 1947 Crafoord 
reported fifty-five, and Hulten seventy-three operated cases. Hedvall spoke in 
1946 of “wide-open” pneumonolysis as a new surgical method in tuberculosis 
therapy. Hulten stated at the same time: “Aftercare is of fundamental im¬ 
portance, and there apply the innovations which we have reported.” Modern 
postoperative treatment of the pleural cavity with penicillin has certainly 
reduced the risk of secondary infection formerly so dreaded in these patients. 
Such enthusiasm for, and wide experience of open pneumonolysis as that of 
Hedvall and Hulten are probably not to be found elsewhere is this country; but 
Swedish phthisiologists and surgeons now recognize the procedure, and employ 
it sometimes in cases which might otherwise have been considered for closed 
division of adhesions or thoracoplasty. 

PERSONAL INVESTIGATIONS 

The following is a report of our joint series of thirty-six patients treated 
with open intrapleural pneumonolysis. One of us (Crafoord) has, in cooperation 
with other phthisiologists, performed the operation on a further forty patients 
up to 1949. To open pneumonolysis have been referred cases where (a) closed 
division of adhesions might possibly have been considered but found inadvisable, 
(b) artificial pneumothorax would otherwise have been terminated in favor 
of thoracoplasty or, in a few instances, extrapleural pneumothorax. 

The distribution of the clinical material over calendar years is: 

year 1943 1944 1945 1946 1947 194S 1949 

Number of cases 1 1 14 8 4 4 4 

It is seen that the majority of the operations were performed in 1945 and 1946, 
the years following Hedvall’s and Hulten’s report on their preliminary 
results. It may, even at this point, be mentioned, and should be in the nature 
of things, that indications change as experience of the method increases. For 
this reason our series has fewer patients after 1947. As final results after 
voluntary cessation of pneumothorax therapy can be presented only for those 
patients whose operations were performed up to and including 1946, the material 
lias been divided into two main groups. Group A comprises the period 1943- 
1946 and consists of twenty-four patients. Group D includes 1947-1949, and 
has only twelve patients. 

The most important clinical details of each patients are reported in Table I. 
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Group A (1943-1916).— 

The twenty-four patients in this group are most conveniently divided into 
(1) those with cord-type adhesions, where open pneumonolysis was carried 
out instead of the closed procedure, and (2) patients with direct fusion of the 
visceral and parietal pleurae, where open pneumonolysis was substituted for 
thoracoplasty (or possibly extrapleural pneumothorax). The former subgroup 
contains four and the latter twenty patients. Open pneumonolysis in both these 
adhesion types is discussed below. 

Cord-type Adhesions .—In the group of four eases where open pneumonolysis 
was substituted for closed, short, thick cords attached to the chest wall held 
pulmonary cavities distended. Cavity diameters did not exceed 3 cm. All 
these patients were sputum positive before operation. Rapid postoperative 
cavity closure was obtained in all four cases, and therapeutic pneumothorax 
could be successfully maintained. Serous effusion occurred in only one case, 
and was reabsorbed spontaneously. When air refills were discontinued, clinical 
cavity closure was present in all eases. In three patients the treated lung 
showed only insignificant failure to re-expand; in the fourth there was con¬ 
spicuous ipsilateral inexpansibility with fixation of the diaphragm. As this 
is not infrequently a sequel to pneumothorax therapy where open pneumonolysis 
has not been carried out, the final results must be regarded as satisfactory. 

Direct Fusion of the Pleurae.—Preoperative period: In twelve of the 
twenty eases where open pneumonolysis was substituted for thoracoplasty (or 
possibly extrapleural pneumothorax) the untreated lung was healthy. Of the 
remaining eight patients in this group, two had simultaneous contralateral 
pneumothorax; a further two had reduced contralateral capacity following con¬ 
cluded pneumothorax and thoracoplasty, respectively. The untreated lung 
presented concomitant lesions, relatively insignificant in extent in three patients, 
and in one, cavernous tuberculosis. 


In all twenty patients, there was cavernous tuberculosis of the pneumonolv- 
sis-treated lung. The respective diameters of cavities were approximately 1 cm. 
in five patients, 2 cm. in four, 3 cm. in six, and 4 cm. in five cases. With only 
one exception the entire series ivas sputum positive on direct smears prior to 
pneumothorax induction. Seventeen patients were still sputum positive at the 
time of open pneumonolysis. 


More or less extensive closed division of adhesions had already been carried 
out in seven cases; thirteen were thus referred to open pneumonolysis directly 
or after thoracoscopy. Pleural effusion was present preoperativelv in seven 
patients; in six of these the exudate was serous, although .V. tuberculosis could 
be cultured. One patient had tuberculous empyema. 

Operation: Direct symphysis was chiefly localized to the pleurae in the 
region of the cupola and the mediastinal surface, and varied in extent- but in 
most cases the area freed was at least as large as the palm of the hand ’ Some 
times the adhesion was loose but as a rule stripping was undertaken extrapleu 
tally m thickened, sometimes particularly dense tissue. The process of strinnirm 
vas otten associated with considerable difficulty. * ^ ~ 
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Table I 
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Female 

28 

Ap.-I.. Cav. 2 cm. I,. Nothing abnormal 

Pos. 

12- 2-43 

Partial 

— 






cl. pnml. 


2 

Female 

38 

Cav. 1 cm. I.. Pntli. 33-40. 

Pos. 

7- 5-43 

— 

June, ’41; 
Empy- 








eina, Oct. 
44 

3 

Male 

24 

Upper lobe. Cav. 3 Nothing abnormal 
cm. I,. 

Pos. 

30-11-44 

— 

Serous 
Jan., '45 


4 Male 

5 Male 


37 Upper lobe. Cav. 4 Nothing abnormal 
cm. I,. 


Pos. 7-10-44 Thscpy. 

0 cl. pnml. 


47 Upper lobe. Cav. Ap.- Insignificant I,.,. 
I„ max. 4 cm. 


Pos. io- 1-45 Thscpy. 

0 cl. pnml. 


0 

Male 

32 

Nothing abnormal Ap.-I,. Cav. 2 cm. 

Pos. 

13- 2-45 

Thscpy. 0 

— 




Ap. 



cl. pnml. 


7 

Male 

31 

Nothing abnormal Ap.-I,. Cav. 2 cm. I. 

,. Pos. 

25-10-44 

Thscpy. 0 

— 




Ap.-I,. Cav. 3 cm. Nothing abnormal 



cl. pnml. 

Serous 

8 

Female 

25 

Neg. 

29- 4-45 

Thscpy. 0 




Ap. 



el. pnml. 

June, 4a 

9 

Female 

25 

Upper lobe. Cav.I,.,, Nothing abnormal 

Pos. 

10- 3-44 

Partial 

— 




max. 3 cm. 



cl. pnml. 


10 

Female 

43 

Ap.-I.. Cav. 3 cm. I,. Nothing abnormal 

Pos. 

16-10-44 

Partial 

- 

11 

Male 

25 

Ap.-I,. Cav. 2 cm. Apical thoracoplasty 

Pos. 

16- 6-45 

cl. pnml. 
Partial 

— 




Ap. '42 



cl. pnml. 


12 

Male 

20 

Pntli. since April ’43. Upper lobe. Cav. Ap.- 

Pos. 

11- 6-45 

Partial 

— 




I„ max. 4 cm. 



cl. pnml. 


13 

Male 

52 

Nothing abnormal Ap.-I,. Cav. 2 cm. I,. 

Pos. 

11- 8-45 

Partial 

— 

14 

Female 

34 

Ap.-I,. Cav. 2 cm. I,. Nothing abnormal 

Pos. 

3- 4-45 

el. pnml. 
Partial 
cl. pnml. 

Serous 

July, ' id 

15 

Female 

33 

Nothing abnormal Ap.-I,. Cav. 1 cm. I,. 

Pos. 

1- 9-45 

Thscpy. 0 
cl. pnml. 

Serous _ 
Oct., ’4= 


16 

Female 

33 

I,_,. Cav. 1 cm. I,. 

Nothing abnormal Pos. 

2- 7-45 

17 

Male 

22 

Nothing abnormal 

Upper lobe. Cav. 2 Pos. 
cm. I,. 

5- 9-45 

18 

Female 

28 

Upper lobe. Cav. 
cm. I,. 

3 Small cav. Ap. lower Pos. 
lobe 

25-10-45 


Thscpy. 0 
cl. pnml. 


Serous 

July, 45 
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OPE 

RATION 

POSTOPERATIVE PERIOD j 

FINAL 

R E 

S U L T S 

DATE 

EXTENT 

i 

IMMEDIATE 

COMPLICATIONS 

! 

EFFUSION, 

EMPYEMA 

CAVITY 
l CLOSURE 

PNEUMO¬ 

THORAX 

TERMI- 
| XATED 

cav¬ 

ity 

HEAL¬ 

ING 

PULMO¬ 

NARY 

INEXPAN¬ 

SIBILITY 


5/ 7/43 Index-finger- 

tliiek cord, some 
mm. long. 

4/11/44 Direct pleural 
fusions 4 cm. 


3/ 2/45 Extensive direct 
fusion. 


0/ 3/45 Direct medial 

pleural fusion: 
Ap.-Hilus. 

"/ -1/45 Extensive coarse 
direct pleural 
fusion. 

1"/ 4/45 Direct pleural 

fusions medias- 
tinally. 

25/ 4/43 Finger-tliick 
short cord. 

10 / 7/45 Direct fusion, the 
size of a child’s 
palm. 

V S/45 Direct fusion, 
the size of a 
child’s palm. 

13/ 9/45 Finger-thick cord, 
some mm. long. 

13/10/45 Direct pleural fu¬ 
sions mediast. 
Ap.-Hilus 
(loose). 

23/10/45 Direct pleural 
fusions 4 cm. 


•Vll/45 Direct pleural fu¬ 
sions 5 cm. 

10/11/45 Direct thick fu¬ 
sion, the size of 
_ a child’s palm 
0/12/45 Extensive direct 
pleural fusions, 
the largest the 
size of the 
palm. 

L/12/45 Extensive direct 
, pleural fusions, 

lo/ 2/40 Short cords. 

23/ 2/40 Extensive firm 
._direct fusions. 


Empyema, see 
PREOPERATIVE 
PERIOD 


’45. Oleo¬ 
thorax 


Serous effusion 
Serous effusion 


Serous effusion. 
Empyema, ’40. 


Effusion, see 

PREOPERATIVE 
PERIOD. Xo 

empyema. 
Serous effusion. 
Empyema, ’46. 


Serous effusion, 
insignificant. 


Cav. perf. 1S-11- 
45. Mixed-in- 
fect.. Empyema. 
Died 10-12-45 


Mil. tub. Died 
25-3-40 


Serous effusion, 
insignificant. 

Effusion, see 
PREOPERATIVE 
period. Em¬ 
pyema, ’46. 

Effusion, see 
PREOPERATIVE 
PERIOD. Xo 
empyema. 


Serous effusion, 
insignificant. 


Tes 

1945 

Yes 

Insignifi¬ 

Yes 

1947 

Yes 

cant 

Extreme 

Yes 

See 

Yes 

Moderate 

Yes 

EFFU¬ 

SION, 

EirPY- 

EjrA 

104S 

Yes 

Extreme 

Xo 

Bilateral 



Yes 

cavities. 

Died, 

47 

1949 

Yes 

Extreme 

Yes 

1949 

Yes 

Insignifi¬ 

Yes 

1950 

Yes 

cant 

Extreme 

Yes 

194S 

Yes 

Moderate 

Yes 

1949 

Yes 

Moderate 

Yes 

194S 

Yes 

Moderate 

Yes 

1949 

Yes 

Insignifi¬ 

Yes 

1949 

Yes 

cant 

Moderate 

Yes 

1949 

Yes 

Extreme 

Yes 

1950 

Yes 

Extreme 

Yes 

1950 

Yes 

Insignifi¬ 

— 

_ 


cant 
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CASE 

NO. SEX 


EIGHT LUNG 


I* R E O P E K A T I V E PEICIOD 


LEFT LUNG 


19 Male 25 Nothing alinormal Ap.-I,. Cav. 1 cm. I,. Pos. 17- 1-46 — 



PNEUMO¬ 

THORACOS¬ 
COPY: 


THORAX 

CLOSED 

SPU¬ 

IN¬ 

PNEUMO- 

TUM 

DUCED ; 

NOLYSIS 

Pos. 

17- 1-46 

— 


20 Male 21 I,.,. Cav. 1 cm. T,. Path, since Sept. ’42. Pos. 5- 9-44 Thscpy. G-3- — 

(no ad- 40. Dir. 

(hesions) pi. fus. 

upper 

lobe. 

Sput. pos. 

21 Male 54 Ap.-L,. Cav. 3 cm. I,. Ap.-I.. No cav. Pos. 15- 6-46 0 tliscpv. — 

Cl. pnml. 

22 Female 45 Ap.-I.. No cav. Ap.-L,. Cav. 4 cm. I,. Pos. 29- 1-46 Thscpy. 0 — 

cl. pnml. 

23 Male 31 Upper lobe. Cav. 3 Nothin" abnormal Pos. 15- S-40 Partial Serous 

cm. Ap. cl. pnml. Sept., '4(1 

24 Male 46 Ap.-I,. Cav. Ap.-I., Nothing abnormal Pos. 15- 8-46 Thscpy. 0 — 

max. 3 cm. cl. pnml. 


25 Female 33 Upper lobe. Cav. 3 Nothing abnormal Pos. 31- 7-46 Partial " 

cm. Ap. cl. pnml. 

26 Female 38 Upper lobe. Cav. 3 Nothing abnormal Pos. 11- 3-47 Partial Serous 

cm. I,. cl. pnml. Apr., b 

27 Female 40 Upper lobe. Cav. 3 Nothing abnormal Pos. 8- 5-47 Partial Serous 

cm. I,. cl. pnml. May, ’ 4l 


28 

Female 

27 

Ap.-I.. No cav. 

Upper lobe. Cav. 3 Pos. 

3- 3-47 

Partial 





cm. I,. 


cl. pnml. 

29 

Male 

32 

Upper lobe. Cav. 

4 Nothing abnormal Pos. 

11-10-47 

Thscpy. 0 




cm. I,. 



cl. pnml. 

30 

Male 

46 

Nothing abnormal 

Upper lobe. Cav. 2 Pos. 

27-10-47 

Partial 





cm. I,. 


cl. pnml. 

31 

Male 

24 

Nothing abnormal 

Ap.-I-. Cav. I,.., max. P° s - 

10- G-4S 

Thscpy. 0 





4 cm. 


cl. pnml. 

32 

Male 

37 

Upper lobe. Cav. 

4 Insignificant I,.,. P° s - 

18- 8-48 

Thscpy. 0 

33 

Female 

31 

cm. I,. 

I,... No cav. 

r.„. Cav. I..,, max. 3 Pos. 

18- 8-48 

cl. pnml. 
Thscpy. 0 

34 

Male 

38 

Nothing abnormal 

cm. 

Ap.-I;. Cav. 3 cm. I.. Pos. 

11- 3-49 

cl. pnml. 
Partial 






cl. pnml. 

35 

36 

Male 

Male 

32 

36 

Nothing abnormal 
Nothing abnormal 

Ap.-I,. Cav. 4 cm. Pos. 
Ap. 

Upper lobe. Cav. 2 Pos. 
cm. I,. 

1- 6-49 

5- 7-49 

Partial 
cl. pnml. 
Partial 
cl. pnml. 
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ONT'D 

O P E E A T I 0 X 


POSTOPERATIVE PERIOD 


IMMEDIATE 

COMPLICATIONS 


EFFUSION, CAVITY j 

DATE I EXTENT COMPLICATIONS EMPYEMA CLOSURE 

37W~Direct pleural — S " ous fusion, Yes 

fusions Ap.; insign,ncanr. 

The adherent 
lower lobe was 

not freed .. . 

3 / 4 / 4(5 Extensive. Loose May. ’40. prog- tserous enusion, Ae» 
direct pleural ress left lung April, 4b. 


.3/ 7/46 Palm-size, firm — 

direct pleural 
fusion. 

23/ 7/46 Extensive coarse — 

direct pleural 
fusions. 

25/10/46 Palm-size, coarse — 

direct pleural 
fusion. 

12/11 '40 Extensive coarse Hemothorax 4- 


FINAL RESULTS 
~ ' ' I 

PXECMO- CAY- PULMO- 

TBORAX: ITY NARY 

TERMI- HEAL- INEXPAN- 

NATED ING SIBILITY 

11149 Yes Insignin- 

eanr 


See IM - — 

MEDIATE 
COMPLI¬ 
CATIONS. 

Died 

26-10-46 


Serous effusion. 
Empyema, 47. 

Yes 

1950 

Yes 

Moderate 

Serous effusion. 

Yes 

1949 

Yes 

Extreme 

Effusion, see 

Yes 

1950 

Yes 

Extreme 


PREOPERATTVE 
PERIOD. Xo 
Empyema. 


direct pleural 
fusions. 

15/ 3/47 Finger-thick 

cord, some mm. 
long. 

15/ 6/47 Palm-size, direct 
pleural fusion. 

IV 6/4i Little-nnger 
thick, short 
cord. 

5/ i/4i Direct pleural 
fusion 4 cm. 


o/ -/4s Extensive coarse 
direct pleural 
fusions. 

17/ 4/43 Extensive coarse 
direct pleural 
„ . fusions. 

'/ */4S Direct pleural 
fusion 4 cm. 

4/12/4S Direct pleural 
...., . fusion 5 era. 

oJ / Extensive direct 
,, . pleural fusions. 

14/ o/49 Palm-size, firm 
, direct pleural 

. fusion. 

i/49 Short cords. 

1/10/49 Finger-thick 

cord, some mm. 
lonir. 


mediast. em¬ 
physema. Died 


— 

— 

Yes 

— 

— 

— 

— 

Effusion, see 
PREOPEEATIVE 
period. Em¬ 
pyema, ’47. 

Tes 

— 

— 

— 


Effusion, see 
PREOPEEATIVE 
period. Em¬ 
pyema, ’47. 

Bronch- 
pl. fis¬ 
tula. 

’50 





irerous effusion, 
insignificant. 

Xo. 

Progr. 

right 

1 . eav., 
’43 





Serous effusion. 
Empyema, MS. 

Yes 




Evac. of clots 4 - 
decortication 
27-4-4S 

Serous effusion. 

Yes 

— 

— 

— 


Effusion, see 
PREOPERATIVE 
period. Em¬ 
pyema. Jan. ’49. 

Y'es 




— 

Serous effusion 

Yes 

— 

— 

— 

— 

Serous effusion 

Yes 

— 

— 

— 

— 

Effusion, insig¬ 
nificant 

Yes 

— 

— 

— 

— 

Effusion, insig¬ 
nificant 

Yes 

-- 

— 

— 

— 

Effusion, insig¬ 
nificant 

Yes 

— 

— 

— 
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Postoperative period: Three patients died shortly after surgery. In one 
of these, death occurred after two days as a result of hemothorax and mediastinal 
emphysema; the second patient became suddenly very id three weeks after 
operation, and died after a further three weeks from mixed-infection empyema, 
which was a sequel to extensive cavity perforation; there was marked post¬ 
operative determination in the condition of the third patient, who died one 
month later from miliary tuberculosis. 

Pleural effusion was present at the time of operation in seven of the re¬ 
maining seventeen patients in this group. There was no reaccumulation of 
fluid in one ease, but in the others effusion continued. Tuberculous empyema 
developed in 3 instances, exclusive of the case where purulent effusion was 
present preoperativeiy. In seven of the other ten patients there were large 
postoperative accumulations of fluid, which developed into empyema in three 
cases. The remaining three patients had only insignificant effusions which 
reabsorbed spontaneously. Persistent effusion was treated with repeated aspira¬ 
tion, and in two eases empyematous fluid was partly replaced bj r oil. Effusion 
finally ceased in some cases; in others, the effusion formed a covering layer at 
the conclusion of pneumothorax therapy. In none of these cases was there 
secondary pyogenic infection of the pleural cavity. 

Cavity closure was obtained in sixteen patients. Bronchial tuberculosis 
developed in the later course of the disease in one case; both lungs were affected 
preoperativeiy in this patient, and bilateral cavernous phthisis was present at 
death. In another case, despite ipsilateral cavity closure, death occurred six 
months after surgery from hemoptysis which originated in the contralateral 
lesions. Thus five patients in all died during the pneumothorax period. 

Final Results .—At the conclusion of pneumothorax therapy, this group con¬ 
sisted of fifteen patients. As far as can be judged, clinical healing of the 
tuberculous pulmonary process took place in all cases. Similarly satisfactory 
results cannot, however, be recorded from the functional aspect. The effusions 
caused pleural thickening with diaphragm fixation and pulmonary inexpan¬ 
sibility. In three patients, the treated lung must be regarded as functionally 
useless and incapable of re-expansion; preoperative empyema was present in one 
of these cases. The lung is stiff capable of aeration in another five eases, but 
pleural thickening is so extensive and reduction of diaphragmatic mobility so 
marked that the remaining function can scarcely be allotted practical impor¬ 
tance. Yet another five patients have more moderate pulmonary inexpansibility, 
but such restriction of diaphragmatic movement that ventilation capacity is cer¬ 
tainly gravely impaired. Finally, the expansile powers of the lung are only 
slightly reduced and diaphragmatic mobility insignificantly affected in two eases. 

Conclusions from Group A. The account of the above scries of open pneu- 
monohjsis in pneumothorax with direct fusion of the pleurae shows a not in¬ 
significant primary mortality; pleural complications, lengthy and difficult to 
treat cause considerable reduction of functioning parenchyma even when satis¬ 
factory healing of lesions is obtained. When these facts became apparent, we 
■ittpirmted a re-evaluation of the advisability of open pneumonolysis. We have 
also judged afresh in retrospect the situation m the twenty reported cases at 
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the time of operation. In the light of experience gained, ire have reconsideied 
whether open pneumonolysis should have been substituted for thoracoplasty. It 
may be pertinent to state first that two patients who declined the thoracoplasty 
originallv advised, underwent open pneumonolysis instead; both these patients, 
who had pleural effusion at the time of operation, belong, of course, a priori, to 
the thoracoplasty group. For eighi patients who had lesions of a type and 
extent which promised adequate collapse with a minor or moderately large thora¬ 
coplasty, this should have been the operation of choice. In six eases where 
subtotal or total thoracoplasty was necessary for satisfactory collapse, the 
choice of surgery was more difficult. The several stages of thoracoplasty con¬ 
stituted a disadvantage in this group, although even this did not perhaps fully 
outweigh the greater risk of open pneumonolysis. Other arguments for and 
against both procedures could certainly be presented here and the final choice 
of method may involve a careful analysis of all the relevant factors. Open 
pneumonolysis was, even in retrospect, the most suitable intervention for two 
patients. In one of these, local direct pleural symphysis had occurred under 
effective pneumothorax therapy, but was estimated to be fairly loose. In the 
other, the intention was to free only the diseased upper lobe, not the unaffected 
lower lobe which was extensively adherent; the intervention here was thus de¬ 
signed to produce collapse similar to that in extrapleural pneumothorax, with 
good diaphragmatic mobility. Finally, the general condition of two patients 
was so poor that the decision as to active collapse therapy should have been 
postponed; thoracoplasty might conceivably have been contemplated later but 
open pneumonolysis, which at first appeared justifiable was not, in the light of 
present experience, to be recommended. 

It is apparent from the above discussion that, when the question of the 
most suitable collapse measures for the twenty reported pneumothorax patients 
with direct pleural fusion is reviewed against the background of our present 
experience, open pneumonolysis could have been advised for at most eight pa¬ 
tients. 

Group B (1947-1949).— 

As experience of open pneumonolysis was gained, indications were applied 
more cautiously. Even if knowledge of the operation was as yet incomplete, 
the extent of its practice was decreased after 1947. Thus, no more than twelve 
patients were submitted to the procedure from 1947-1949 inclusive (see Table 
I). The period of pneumothorax is nearing conclusion in the autumn of 1950 
only in the earliest operated of these patients. Final results cannot, therefore, 
be presented, but the more immediate sequellae to surgery may be surveyed' 

Distribution of this group analogous to that of group A shows that four 
patients underwent open instead of closed pneumonolysls. Open pneumonolvsis 
was substituted for thoracoplasty in eight cases. 


Cord-type Adhesions. All four patients upon whom open instead of closed 
pneumonolysls was performed were sputum positive at operation and had patent 
cdMttes. The diameters of cavities did not exceed 4 cm. The postoperative 
covuse %%as uneventful in three patients. In the fourth case, a short adhesion 
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as thick as the little finger, was freed; this patient (who had active pleurisy at 
the time of surgery) developed tuberculous empyema postoperatively, and 
finally bronchial fistula. 

Direct Fusion of the Pleurae .—Three of the eight patients who had open 
pneumonolysis as an alternative to thoracoplasty had contralateral lesions; these 
were, at least at the time of operation, estimated to be quiescent. All eight 
patients had cavernous tuberculosis in the treated lung. Cavity diameters were 
approximately 2 cm. in one case, 3 cm. in four, and 4 cm. in three cases. All 
patients were sputum positive both when pneumothorax was induced and when 
pneumonolysis was performed. Each patient had been examined by thoracos¬ 
copy, and four had undergone preliminary closed pneumonolysis. Clear, serous 
effusion was present in two patients at operation. 

Direct pleural fusion in these eight cases was, on the average, less extensive 
than in the A group. In three patients, however, extensive stripping was 
carried out; but in another three the surface stripped was no move than five cm. 
in diameter. 

There were no deaths in this group, either in association with operation 
or up to the present (summer, 1950). One patient had such a severe hemothorax 
that evacuation of coagulate and pulmonary decortication was necessary about 
a week after pneumonolvsis. Cavity closure was obtained in all cases but one; 
in this patient, ipsilateral pneumothorax was abandoned because of progression 
of contralateral lesions. In association with operation five patients developed 
persistent pleural effusion; three of these were tuberculous empyemas. Both 
the patients who already had an effusion at the time of surgery developed 
empyema postoperatively yet in one of these the area freed was not extensive. 
In no case was there secondary pyogenic infection of the pleural cavity. 

Although pneumothorax therapy still proceeds in these eight cases, it is 
already manifest that in five of them pumonary function has been gravely im¬ 
paired by the operation and its sequellae. For three of these patients the alter¬ 
native was, however, total thoracoplasty. In the three remaining cases, such 
pulmonary inexpansibility, as is apparent up to the present, is very moderate. 

On the basis of our present experience of open pneumonolysis in pneu¬ 
mothorax with direct fusion of the visceral and parietal pleurae, we may sum¬ 
marize thus: although this operation was employed over the period 1947-1949 on 
a much smaller scale than formerly, the alternative intervention—thoracoplasty 
_ waSj in our opinion, nevertheless preferable for at least two or three patients. 

DISCUSSION 

The results of surgical collapse measures in pulmonary tuberculosis are 
often difficult to judge. Many factors are involved here, the chief being perhaps 
the tendency of the disease to develop fresh lesions later in its course. If the 
original plan of treatment cannot, in consequence hereof, be consistently adhered 
to It does not follow that the treatment performed was unsuitable. As a rule, 
the choice of therapy is not difficult. When several methods are available, the 
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selection may, however, be far from easy, especally as complications often appear 
to arise capriciously in the different interventions, and are unpredictable in 
the individual ease. 

Open pneumonolysis has regained current interest as a surgical adjunct 
to pneumothorax, and may be discussed along with other methods, because 
altered circumstances have decreased the risks associated with the operation. 
Hulten has, as mentioned, stressed the importance of sound aftercare; in our 
series, also, penicillin treatment of the pleural cavity has been valuable as 
prophylaxis against the mixed-infection empyema, formerly so dreaded. Empy¬ 
ema of this type occurred in our material only in the case where cavity rupture 
took place some time after operation. 

It is, however, open to discussion, if the increased therapeutic resources 
we now command warrant that open pneumonolysis be accorded equality with, 
or precedence over, certain other collapse-promoting measures. During recent 
years, our therapeutic arsenal has gained antibiotic and chemotherapeutic prep¬ 
arations of great antitubereulosis value; these, when surgical interventions 
are planned, are extremely helpful in preoperatively stabilizing and postopera- 
tively controlling the disease. The pleural complications of open pneumonolysis 
can thus also be favorably affected. But despite therapeutic advances, we still 
await a substance which is capable of preventing and curing tuberculous empy¬ 
ema. When that goal is reached, the time will have come for a fresh appraisal 
of open pneumonolysis in competition with other collapse measures. For the 
present, at least, we must reckon with pleural complications in association with 
open pneumonolysis. 

In discussing the therapeutic value of open pneumonolysis in the surgical 
treatment of pulmonary tuberculosis, it would appear to be most appropriate, 
in conformity with the cases presented above, to differentiate thus: on the one 
hand, open pneumonolysis as a substitute for closed division of adhesions, and 
on the other, as an alternative to other forms of collapse, particularly thora¬ 
coplasty. 


In short, cord-type adhesions, closed pneumonolysis not infrequently carries 
manifest danger of pulmonary trauma or hemorrhage. If open pneumonolysis 
is performed instead, these risks are reduced or eliminated. The advantages 
this implies more than outweigh the risk of postoperative effusion, which hazard, 
m open division of cord-type adhesions, should not be greater than if the closed 
procedure had been employed. .4s a substitute for dosed pneumonolysis in this 
type of case, we consider that open pneumonolysis well merits use, perhaps even 
on a greater scale than at present. 


Formerly, when the effect of pneumothorax was nullified bv direct fusion 
of the visceral and parietal pleurae, treatment was almost alwavs discontinued 
m favor of other collapse measures, chiefly thoracoplasty. The idea of obtain 
mg satisfactory collapse and conditions for continued pneumothorax bv senarat 
mg directly fused pleurae is attractive. On cursory contemplation open pneu 
monolysis should be preferable to a mutilating thoracoplastv. However the 



THE JOURNAL OF THORACIC SURGERY 


potential risks and results of both methods are of fundamental significance in 
the choice of surgery. There is, consequently, reason for making a comparison 
of the alternatives. 

Thoracoplasty now carries comparatively small immediate risks. The 
atelectases which sometimes occur as early operative sequellae, clear sponta¬ 
neously or respond to treatment. Pleural complications, which are chiefly as¬ 
sociated with the opening of a free pleura, are rare. In other respects, also, 
the postoperative course is generally uneventful, and the ultimate results good 
as regards cavity healing. Some limitation of function, in degree dependent 
upon the scope of the thoracoplasty, naturally results, but, provided the operation 
is moderate in extent, diaphragmatic mobility is not affected. Not until sub¬ 
total or total thoracoplasty has been carried out is the function of the lung 
largely or completely lost. 

In open division of directly fused pleurae, cavity perforation and hemor¬ 
rhage into the pleural cavity may occur with grave immediate consequences. 
Moreover, tuberculous granulation tissue may be present over the entire opera¬ 
tion field; for this reason, the possibilities of spread of the disease via lymphatic 
or blood vessels or by direct contact must be kept in mind. The pleurisy which 
occurs so often in the later course of the disease is certainly, in many cases, a 
sign that tuberculous lesions were opened. Pleural complications often cause 
lengthy invalidism and reduce the patient’s strength. This applies particularly 
to tuberculous empyema, which occurred in about every third patient in our 
series. Pleural thickening with fixation of the diaphragm and pulmonary in¬ 
expansibility are the usual sequellae of pleural complications. The final result 
when pneumothorax is terminated is often a considerable loss of function, out 
of reasonable proportion to the degree of collapse necessitated by the disease, 
particularly the cavity, for healing. 

Comparison of the operations indicates, in our experience, that thora¬ 
coplasty contains essentially less immediate risk, and has a considerably smoother 
postoperative course than open pneumonolysis. As regards cavity healing, good 
results are obtained by both methods. In those cases of pneumothorax with 
direct pleural fusion, where thoracoplasty and open pneumonolysis are alterna¬ 
tive possibilities for the attainment of the desired collapse, we believe that, with 
regard to risks and results, thoracoplasty should receive primary consideration. 
Open pneumonolysis cannot, therefore, be accorded the same recommendation 
for direct fusion of the pleurae as for certain types of cord adhesions. 

This view is in complete conformity with the opinion expressed by Alex¬ 
ander in 1937, that in the absence of contraindications, thoracoplasty is pref¬ 
erable as its surgical risks and postoperative complications are less than those 
of open pneumonolysis. We would add here, to the further advantage of 
thoracoplasty that, as regards impairment of function after completed ther- 
apv the results obtained by this proceduie aie otten substantially better than 
those of open pneumonolysis. 

We agree with Alexander that open pneumonolysis has its justification 
•is a method of treatment in pneumothorax with direct fusion of the pleurae, 
but that indications must be sharply defined. To attempt a statement of gu id- 
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ing principles for the employment of the operation is naturally very difficult, 
and opinions unavoidably diverge. Certain general aspects, however, may be 
worthy of observation. It is important that the patient, to whom the prospect 
of continued pneumothorax refills after pneumonolysis, may be misleadingly 
attractive, should be fully informed of the risks attached to the alternative 
measures; his subjective attitude may otherwise exercise a distorting influence 
on the choice of surgery. It should also he emphasized that thoracoscopy yields 
valuable information as to the extent and degree of the proposed operation, 
and may thus assist the choice in difficult cases. The general rule certainly 
is that the more extensive the direct pleural fusion, the greater the likelihood 
of postoperative complications. But even the freeing of very limited areas 
ma.y give rise to pleurisy reaction and empyema. The risk of empymma ap¬ 
peal’s to be particularly great if aetive pleurisy is present at the time of opera¬ 
tion. Hedvall and Hulten also advise against open pneumonolysis in pleurisy 
cases. 

In the majority of patients with extensive direct fusion of visceral and 
parietal pleurae, it is probably advisable to refrain from open pneumonolysis 
and to abandon the pneumothorax. Particularly if the type and localization 
of the pulmonary lesions are such that only limited thoracoplasty 7 is required, 
that operation is decidedly’ to be preferred, not least with regard to the desira¬ 
bility of retaining as much as possible of the pulmonary function. Should 
total thoracoplasty be necessary for adequate collapse, open pneumonolysis may 7 , 
with some degree of justice, be brought up in discussion. The choice of surgery 
will then be dependent upon the evaluation of the complications associated with 
the operation. The lung will sustain injujy to its function irrespective of 
which of the two surgical methods is employed. In such borderline cases, it 
is the doctor’s familiarity with, and estimation of the different interventions, 
which finally 7 decide the method to he employed. 

Under special circumstances which, however, have more the character of 
exceptional cases, open pneumonolysis may be directly advisable, e.g., when 
there is good reason to believe that the adhesions are loose, or when retention 
of function in the basal parts of the lung may be anticipated, as adhesion with 
the diaphragm need not be freed. 

Even if open pneumonolysis has thus a certain range of indications we 
have now accepted this as an established fact: that, in pneumothorax with 
direct pleural fusion, it can be contemplated for a very limited number of 
patients, and then only after mature deliberation. 


SUMMARY 


The writers report a series of thirty-six pneumothorax patients who un¬ 
derwent open pneumonolysis of short, cord-type adhesions or of direct fusion 
ot the visceral and parietal pleurae. The results justifv the following -valm 
tmn of the method. s ' ama ~ 


' Sh ° e rt ’ < or,1 - t 'JP e adhesions, where dosed pneumonolysis implies mani 
' • '<•'/. of pulmonary trauma or hemorrhage, open pneumonolysis is advocated 
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In direct fusion of the visceral and parietal pleurae, the value of open 
pneumonolysis is considerably more limited, due to: (1) the risk of pulmonary 
trauma during, and hemorrhage closely following the operation, (2) pleural 
complications, particularly empyema, with their sequellae of pleural thickening, 
diaphragm fixation and pulmonary inexpansibility. Thoracoplasty, which is 
usually the alternative measure, is less hazardous, and as cavity closure is gen¬ 
erally obtained by both methods, thoracoplasty is preferable in nwst cases. 
Apart from certain exceptional cases, open pneumonolysis of direct pleural 
fusion should only be employed when other conceivable collapse measures are 
so extensive that the function of the diseased lung will be greatly reduced or 
possibly lost. 
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PULMONARY DECORTICATION IN TUBERCULOSIS 
A Report of 22 Cases 

J. J. Quinlan, M.D., Y. D. Schaffker, M.D., and J. E. Hiltz, M.D. 
Kextville, Nova Scotia 

P ULMONARY decortication involves peeling from the surface of the pleura 
abnormal fibrinous layers which have formed over it. 

The procedure now commonly known as decortication was first performed 
by Fowler 1 on Oc-t. 7, 1893, in the treatment of a previously drained chronic 
empyema of thirty-three months’ duration. He removed a mass of scar tissue 
occupying three-fifths of the right pleural cavity from the thoracic wall, dia¬ 
phragm, pericardium, and lung. The cavity was packed open with gauze and 
the lung expanded in twenty-eight days. However, to Delorme must go 
greater credit for envisioning and rationalizing the operation, although his 
first case did not come to surgery until January, 1894. It was this surgeon 
who first used the term decortication, and it is interesting to note that neither 
Delorme nor the surgeons who made use of the operation in the early years 
used the term ‘‘thickened pleura.” Delorme described the pathology of the 
shell as false membrane encapsulating the lung. There developed very soon, 
however, the erroneous idea that thickened pleura was removed, and this in¬ 
correct conception of the basic pathology has persisted with few exceptions un¬ 
til very recently. In the early years the operation was used most frequently 
in combination with collapse procedures, especially the Schede thoracoplasty. 
A complete description of decortication appeared again in 1915 when Lilienthal 
described his major intercostal thoracotomy and lung mobilization. Lilienthal 
was the first to treat acute empyema by decortication, and developed his pro¬ 
cedure because of dissatisfaction with the high mortality following thoracostomy. 
His results were quite good, although the mortality, 19 per cent, was high by 
present-day standards. In the 1920’s and 1930’s, the operation was performed 
relatively infrequently, and had practically fallen into disuse until 1946 when 
a series of papers were presented at the Annual Meeting of the American Asso¬ 
ciation for Thoracic Surgery describing the experiences of American surgeons 2,3 
in the treatment of chronic organizing hemothorax by decortication. At the 
same meeting, Gurd 4 of Montreal presented three cases of tuberculous empyema 
which he had treated by decortication. His operation differed from the others 
in that he removed a portion of the chest wall as in a Schede procedure and the 
wound was packed open. Mulvihill, in discussing Gurd's 1 paper, presented a 
case of his own in which, through an intercostal incision, he had removed almost 
the entire peel encasing the lung and diaphragm in a case of unexpandable luim 
following pneumothorax therapy. It was felt at that time that the operation 
would be of little use in the treatment of a frank tuberculous empyema, and 
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it was suggested that, the empyema should first he sterilized before any attempt 
was made to decorticate the lung. However, increasingly numerous reports 
began to appear in the literature of the successful treatment of tuberculous em¬ 
pyema by this process, and it is now considered that pulmonary decortication 
is a most important procedure in the treatment of one of the most dreaded com¬ 
plications of artificial pneumothorax. 


INDICATIONS 

The aim of pulmonary decortication is to remove the encasing peel that is 
preventing the lung from re-expanding. It is therefore indicated in the follow¬ 
ing instances: 

^Tf^Unexpaudable lung following artificial pneumothorax therapy 

(a) to oblite rate the space, 

(b) to incre ase vital c apacity in orde r to permit surg ery for the other 
lung, 

(e) to replace displaced mediastinum in the presence of sy mptoms. 

2. , As an adjunct to pulmonary resecti on. Removal of a Jobe_ojL-lilQS_is 
made much easier in eases where there is marked symphysis if the pla ne be- 
tw een visceral pleura~and the encasing peel is first found anddccortiep-t ion per¬ 
formed—Also, in cases of lobectomy, if rapid obliteration of the pleural space 
is to be obtained, as well as maximum function of the remaining lung, decortica¬ 
tion of this lobe or lobes must be carried out before the chest is closed. 

3. Tuberculous empyema. 

---— --— 

ALTERNATIVES TO DECORTICATIONS 

In the past, when decortication was not being used in the treatment of these 
cases, the following measures were carried out: 

1. Continuous aspiration: This, when successful, produced obliteration of 
the space by the marked retraction of the mediastinum to meet the chest wall 
which also was pullecl in. This frequently produced symptoms, such as dyspnea 
and palpitation, and the function of the lung was not improved. Indeed, be¬ 
cause of the necessary overexpansion of the contralateral lung, vital capacity 
was often decreased. 

2. Thoracostomy : Kib resection and drainage of the chest was often neces¬ 
sary as an emergency, but this procedure alone rarely effected obliteration of 
the residual space. 

3. Thoracoplasty: An cxtqxiHve-thorae&plasty-was-s nacessfiil in obliter ating 
the space in a considerable proportion of these cases, althoush- when one j yitps 
the n ature of the_ p£el_at.operation one ■3vmid(.o\s_Iimw-i-t--ever-coui,L im vp been 
collapsed. Total thorac oplasty, of course, by oblit erating the space, eliminated 
function of th e entirelungTTt was~found alsTijriojnieAas ^}m~iifiu]e roe ntgen- 
... r . V v' 7amr7sthi'ation indicated tjia tJhtLphnuTLUtmccJi^Jieen^djterated, and 
consequently the patient was discharg ed a ._vgt fluid still remained jo cause trouble 
months, andTsometimes yea ^afterward. 

4. Operations of th tTSchede ty j)p: These procedures wJirexuienjIy neces¬ 
sary especially when thoraco plasty fa iled. A Sc hede operation imolxed-nemoval 




QUINLAN ET AL. : 


PULMONARY DECORTICATION IN TUBERCULOSIS 


127 


of the ribs, periosteum, i ntercostal bundles and pleu ra, completely undecldng the) i ^ 
e mpyema cavity and then . suturing the muscu lo cutaneous flap onto the visc era^)) 
p eel and hoping that the graft would ta ke. Frem tently. it did not and the 
patient was left with a large chest wall d efect which t ook real's loJieal. These 
Schede procedures caused marked deformity , not only to the thora x hut, b ecau se 
thelower intercnstaPnerYes weve severed, the re was marked , hern ia tion of-t he 
ahdomenj m"the side~of r the~operaf[o n. and pa tients with eNte gsixe-Schedes-axp 
force d to wear complicated appliance s in a n attempt to counteract these ab¬ 
normalities. 

PATHOLOGY 

It has seemed wise to discard the term “thickened pleura” to a great ex¬ 
tent, In only a few cases is the pathology an inflammatory thickening of the 
'Visceral pleura itself. Almost always i t consists of the laying down of hyalinized *' 
fi brous layers on the pTeu fad This membrane is not intimately adheren t in a 
largepart, b ut is attached by a thin areolar vascularized layer which^may Hie 
se parated easily by blunt dissec tion, tearing behind an intact and, for the mo st 
part, fairly normal, expandable visceral pleur a. This fibrous envelope may ^ 
vary from a thin transparent filmlike layer to a thickness of one quarter of a n 
inch or mor e. Re gardless of thickne ss., the-charac ter of the loose areolar laver 
ap proximating the pleura is the s ame. In a few small areas there mav b e in- 
ti mate attachment to the visceral pleura by tough sca r, u sually over are as 'of 
s ubjacent parenchymal diseas e. These area s may require sharp dissection for 
separation, or pe rhaps preferably they should be left in pl ace. It would seem ' 
that the ea se of decortication bears little relationship to the length of time the 
lung has been collap sed. The first patient to be presented in this series was 
a man who had had 'pneumothorax, oleothorax, and empyema for a period 
totalling in all thirty years. Decortication of his lung was surprisingly easy 
and successful. 

CONTRAINDICATIONS TO DECORTICATION 

It is felt that a definite contraindication to the performance of this pro¬ 
cedure is the presence of an open focus in the underlying l ung. In these cases 
if-itAs-jmnsidfirfid thah-th oracopiastv will not collapse the ca vity, a"com~hinod 
deco rtication and lobectomy is done. Some surgeons feel that decortication 
should not be carried out in pulmonary tuberculosis for fear of reactivating 
an apparently quiescent focus in the underlying lobe or lung. In the limited 
experience of this study, reactivation of the disease in the underlying hum did 
not occur. It is possible that this is, in a great part, due to the pre-° and'post¬ 
operative use of streptomycin. 


PREOPERATIVE PREPARATION 


As the procedure is elective, time is taken to make the patient's general con¬ 
dition as good as possible. Bronchoscopy is carried out to rule out active tr» 
cieobronelual disease, bronchostenosis (which would render expansion of the 
co lapsed lung impossible even after decortication), and the presence of bacil 
‘ ' ^ lQUon Uom the lun S to be operated on. The usual careful cardiovascular 
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examinations and vital capacity determinations are carried out. Streptomycin, 
one gram daily, and procaine penicillin 6, 300,000 units once daily, is begun 
five days before the operation. Endotracheal anesthesia is considered to be 
mandatory, and pentothal induction followed by cyclopropane-ether-oxygen 
is preferred. 

OPERATIVE TECHNIQUE 

The incision is the usual posterolatera l, one and the chest is usually en - 
tered between the fifth and sixth ribs after dividing them posterior ly. After 
cutting through the endothoraeic fascia and parietal pleura, the outer parietal 
su rface of the neel is reac hed. Thi s is stripped away from the chest wall for 
a considerable ar ea, and t he rib spreaders are then inser ted. This prior st rip- 
ping of the parietal peel makes it possible to spread the ribs fairly widely apart 
so that a n adequate exposure is obtai ned. The.em pyema cavity is entered, and 
an incision is then carefully made through the visceral peel until the shiny ^Jjlu- 
i sh, visceral pleura comes into vie w. By comb ined blunt and sharp dissection, 
th e visceral peel is removed entirely from the lung. The interlobar fissures are 
f reed—a jnost-imp Qrtnnt, part of the procedu re—an d the par ietal coYmh&'is 
the n removed from the diaphragm , tho racic wall, and medias tinum. Areas of 
infolding ..of.. t.lip.-snvfiicc.nf theTung are freed lw sharp dissection. One occa¬ 
sionally runs across a case of true thickened pleura due to actual pleural in¬ 
flammation, as in one of our patients. The visceral peel then will not strip, 
and, in his case, it was necessary to leave a sizeable section intact. However, 
there is usually enough expansion of the lung around such areas to obliterate the 
pleural space. Frequentl y, in removing the peel, the lung is damaged a ncLat 
the close of the operation there are oft en lung air leaks . M any surgeons 1 ' 7 ’ 8 
•“advise repairing these, but we feel that with proper postoperative manageme nt 
no harm is done by leaving them. The lung is then inflated by the anesth etist, 
tw o drainage tubes are place d, o ne in front at the ap ex and one posterior ly at 
thejMLse, and the ch est wall is closed in layers. Throughout the operation there 
is considerable oozing, and these patients require an adequate amount of blood 
replacement, the average being 2,000 c.c. 

POSTOPERATIVE CARE 

Postoperatively oxygen is administered for four to eight hours, and the 
tubes are connected alternately to a continuous suction apparatus. This is a 
most important part of the postoperative treatment, especially if there has been 
any lung air leak. It is usual to connect the anterior tube for two hours and the 
posterior one for one hour. Streptomycin and penicillin are continued, peni¬ 
cillin until the lung is completely re-expanded, and streptomycin and PAS for 
at least fifty days. 

RESULTS 

At the Nova Scotia Sanatorium, we have done one decortication for unex- 
pandible lung, seven during the course of pulmonary resection and fourteen for 
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Table I. Age and Sex Incidence Related to Indication for Operation* 


AGE GROUP 

unexpaxdable long 

WITH LUNG RESECTION 

EMPYEMA 

TOTAL 

MALE 

FEMALE 

MALE 

FEMALE 

MALE 

FEMALE 

10-19 

0 

0 

o 

i 

0 

9 

3 

20-29 

0 

0 

0 

4 

0 

O 

11 

30-39 

1 

0 

0 

0 


0 

o 

10-49 

0 

0 

0 

0 

I 

0 

4 

50-59 

0 

0 

0 

0 

1 

0 

1 

All Ages 

1 

0 

2 

5 

9 

5 

22 


•The youngest was 13 years of age, the oldest 53 years. 


tuberculous empyema. Age. sex, and the indication for operation are outlined 
in Table I. Briefly, our results are as follows: 

In the one case of unexpaudable lung without empyema, the illness began 
with spontaneous pneumothorax nineteen months previously in a man who had 
had his right arm amputated for a fibrosarcoma three real's before. Spontaneous 
collapse occurred on the left side, and a roentgenogram following it revealed 
a density in the right mid-lung region which eventually excavated. Decortica¬ 
tion on the left was decided upon with the view that exploration of the right 
chest might he necessary. The operation was done without difficulty, and it 
was possible to obtain a biopsy from the surface of the lung duriug the proce¬ 
dure. The lung re-expanded uneventfully. The pathologist’s report was sec¬ 
ondary fibrosarcoma. 

In seven cases, decortication was done during the course of pulmonary re¬ 
section (see Table II). The presence of t he peel was explained bv pre-ex isting 
pneu mothorax in four c ases. In one, the pneumothorax had been present for 
less than six months: in one. nine months; and in two, twelve to twenty-four 
months, respectively. Two patients had pneumothorax complicated by effusion, 
the duration of the latter in both instances being less than six months. In one 
patient, the presence of the peel could not he explained as there was no historv 
of previous pneumothorax or pleural effusion. In all eases, the spaces became 
obliterated promptly following operation. 

It is felt that decortication is of most value in the treatment of tuberculous 
empyema, and, before discussing results in the fourteen cases, in which the 
operation was performed for this indication, it might be well to present brieflv 
the classification of tuberculous empyema in use at the Nova Scotia Sanatorium: 


Type I—serous fluid positive for tubercle bacilli, underlying lung disease 
controlled. 

Type II—serous fluid positive for tubercle bacilli, underlying lung disease 
uncontrolled 

Type III—frank pus positive for tubercle bacilli, underlying lung disease 
controlled 

Type IV— frank pus positive for tubercle bacilli, underiving hum disease 
uncontrolled 

Type V—mixed infection 

Obviously, decortication is not the best procedure for tvpes II a „d TV 
nnd some eases of type V where the underlying lung is not controlled will re- 
ipuie some other procedure. 
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Table II. Decortication Accompanying Lung Resection; Etiology and 

Duration op Peel 




DURATION 

OF PEEL 


ETIOLOGY 

UNDER 6 
MONTHS 

(5 TO 12 
MONTHS 

12 TO 24 

MONTHS 

UNKNOWN 

Artificial pneumothorax only 

1 

i i 

i 2 

0 

Artificial pneumothorax with 
effusion 

2 

I 0 

0 

0 

No known reason 

0 

0 

0 

l 

All reasons 

3 

1 

2 

i 


Table III. Decortication for Empyema-Type and Etiology op Empyema 


TYPE 

ARTIFICIAL 

PNEUMOTHORAX 

PLEURISY WITH 

EFFUSION 

POST-RESECTION OF 
LUNG TISSUE 

TOTAL 

i 

2 

i 

0 

3 

m 

<i 

i 

0 

7 

V 

2 

i 

1 

4 

All types 

10 

3 

1 

14 


The type and etiology of the empyema are outlined in Table III. Of the 
three type I empyemas, two complicated artificial pneumothorax and one oc¬ 
curred spontaneously. Of the type III empyemas, six complicated artificial 
pneumothorax and one was spontaneous; and of the type V, two complicated 
pneumothorax, one was spontaneous and one occurred following lobectomy. 

The results in decortication of empyema cases are outlined in Tables IV 
to VII, inclusive. 

The empyema was classified as type I in three of the fourteen patients 
(Table IY). Each of these obtained a good result, and prompt, complete, ob¬ 
literation of the space took place following decortication. 

In seven patients, there was a type III empyema present. Of these, four 
obtained an excellent result with complete re-expansion; one is classified as im¬ 
proved, that is, there is a small residual space present; and two are classified 
as poor in that the empyema cavity became larger and required further surgical 
measures. 

In four patients, the empyema was classified as type Y, that is, mixed in¬ 
fection with bronchopleural fistula present. Surprisingly, all four of these 
patients obtained an excellent result following the operation. There were no 
deaths in the series. 

In assessing the results of treatment as related to the duration of the em¬ 
pyema, three patients had their empyema more than two months but less than 


Table IV. Decortication for'Empyema; Results According to Type op Empyema 


result 


TYPE 

! GOOD* | FAIRt 

poor! 

! TOTAL 

i 

in 

V 

3 

4 

4 

0 

1 

0 

0 

2 

0 

I 2 

/ 

4 

All types 

— ir~ 

1 


14 


*UOOU-- 

fFair __small residual space. 
-j-p oor —space same or larger. 
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Table V. Decortication for Empyema; Results Related to Duration of Empyema 


pkeoperative 

DURATION OF EMPYEMA 

RESULT j 

TOTAL 

GOOD* 

FAIRt 

poor}; j 

>2 nio.§ 

<1 

o 

o 

0 

0 

3 

>1 vr. 

<2 yr. 

3 

0 

1 

•i 

>2 vr. 

<5 yr. 

2 

0 

0 


>5 vr. 

<10 yr. 

2 

0 

0 

r 

>10 yr. 

<21 yr. 

i 

1 

1 

a 

All cases 

ii 

1 

2 

14 


♦Good—Complete obliteration of space. 
tFair—Small residual space. 

JPoor—Space same or larger. 

§> Greater than. 

!l< Less than. 


one year, and all three of these obtained good results (Table V). There were 
four in whom the duration of the empyema was more than one year but less than 
two years. Three of these obtained good results, aud one is classified as poor. 
The latter is the patient in whom the operation had to be interrupted because of 
the deterioration of his condition on the table. Those with empyema more than 
two years but less than five numbered two, and both obtained an excellent result. 
There were two eases in which the complication had been present for more than 
five years but less than ten. Both spaces became obliterated completely. Three 
patients had empyema for more than ten years, and the maximum duration 
was twenty-one years. One of these obtained a good result, and in one the 
result was classified as fair and one as poor. In these two unsatisfactory eases, 
it was not possible to decorticate the diaphragm. 

It would appear that the duration of the peel does not greatly affect the 
ultimate result. 

It is of interest to relate the results obtained to the extent of the decortica¬ 
tion, as shown in Table VI. T en of the patients had complete decor tication of 
the p arietal and viscera l peels. T he entire group obtained good result s. In 
fo ur of the patients, the decortication was incomp lete. In three of these, the 
diapkKagm-eouId-ttoHie-deeortieated, and in o ne the operation had to be in ter¬ 
r upted because of the poor condition of the patient on the table. This last 
named patient obviously did not obtain a good result, and two of the three 
patients in whom the diaphragm could not be uncovered have small to moderate 
res idual spaces at the base of the ehes ts. emphasizing the desirability of com- 
pletely decorticating the diaphragm if a good result is to be obtained. 

In the eleven em pyema patients wlio obtained complete expansion of the 
lung, obi iterat ionVrnhe pleural space oeeurm Lin ten to twenty-six days post- 

Table VI. Decortication- for Empyema; Results Related to Extent of Decortication- 


extent OF 
OPKRATION 


C'omplete 

Incomplete 


All eases 


RESULT 


GOOD* 


FAIR! 


10 

I 


11 


0 

1 


roOKt 


Ciood Complete obliteration of space. 
tFair—Small residual space. 

* Poor—Space same or larger. 


TOTAL 


10 

4 


14 
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Table VII. Decortication for Empyema ; Results Belated to Extent of 

Parenchymal Disease 


extent of original 

LUNG LESION 

| RESULT 

TOTAL 

GOOD* 

FAIRt 

1 POORt 

Minimal 

1 



1 

Moderatively advanced 

5 

1 

! 1 

7 

Far advanced 

5 

0 

1 

6 

All cases 

11 

1 

2 

14 


’Good—Complete obliteration of space. 
tFair—Small residual space. 
iPoor—Space same or larger. 


operatively, seven of them taking under twenty days. The tubes were not re¬ 
moved until it was certain that the lung was everywhere adherent. 

On ly one patient was decorticated without lung leak , fiv e had slight le akage 
o f air , and in ei ght there was moderate to marked teari ng of lung tissue. In 
the last named group, three obtained a poor result, but we feel, as mentioned 
above, that this was due not to leakage of air which was immediately removed 
from the chest by continuous suction, but to the incomplete decortication. 

The amount of parenchymal disease present in the lung before collapse 
appeared to have little effect on the eventual results of decortication (Table 
VII). It was noted on one or two occasions that possibly one lobe appeared 
fibrosed and would not expand properly, but there occurred enough overexpan¬ 
sion of the remaining lobe or lobes to fill the space. 

No estimations as to the increase in vital capacity due to the operation 
were made in these eases. The results recorded in the literature 3 ' 0 to date dis¬ 
agree as to how much increased function occurs. However, in this series, the 
prime concern was the treatment of the tuberculous empyema, the control of 
which depends on the prompt obliteration of the pleural space. 

One patient only had a troublesome complication. In this case, some parietal 
pleura was inadvertentl y removed with the pe el, and a co nsiderable num ber of 
lung tears also occurred resulting in extremely mar ked su rgicaL em physema. 
The man was quite dyspneie for about ten days, but eventually made a good 
recovery with complete obliteration of the empyema space. 

Short case histories of our fourteen empyema eases are presented. 


CASE REPORTS 


Case 1.—D. C., white man, aged 53 years, developed pulmonary tuberculosis in 1917- 
Artificial pneumothorax was begun in 1918. It was maintained for twelve years and then 
replaced by oleothorax. The oleothorax was continued for five years. In 193S, a thoracoplasty 
was performed, but the space decreased only slightly in size. For the next ten years 
aspiration of thick pus was required three times weekly. Fluid was positive for tubercle 
bacilli (type V empyema). Bronchopleural fistula was demonstrated in 194s and 1919. 
Pulmonary decortication was done in two stages, April 29, 1949, and May 13, 1949, with 
complete obliteration of the space. 


Cvse o_J L., white man, aged 41 years, developed tuberculosis in 1926. Artificial 

pneumothorax was begun in 1927. A type HI empyema developed during November, 1930. 
A mirations were done frequently until January, 1932, when an oleothorax was substituted. 
The natient carried on in good health until September, 1948, when there was a recurrence 
of the emypema. The oil was removed and a complete thoracoplasty done from November, 
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194S, to January, 1949. The space was moderately decreased in size. In June, 1949, a 
pulmonary decortication was carried out. The diaphragm was not decorticated. The lung 
expanded well except at the base where a moderate sized residual space remained. It was 
necessary, in March, 1950, to open this pocket widely. It was packed daily with PAS until 
March, 1951, when it appeared to have obliterated completely (classified as a fair result 
from decortication). 

Case 3.—L. C., white man, aged 24 years, developed pleurisy with effusion in January, 
194S. The effusion became purulent and positive for tubercle bacilli. After several months 
of aspirations, a pulmonary decortication was done Oct. 7, 1949. The patient’s condition 
became poor on the table when only the lower lobe had been decorticated and the operation 
had to be interrupted. The space persisted in spite of frequent aspiration, but the patient’s 
condition was not good enough to undertake further surgery until Feb. 27, 1951, at which 
time two separate empyema pockets were entered and the visceral peel in these areas removed. 
When this was done, it was found that insufficient lung expansion was occurring. Con¬ 
sequently, portions of the second to the eighth ribs were removed subperiosteally. The 
postoperative course was extremely stormy, with marked spread to the contralateral lung. 
However, this disease has now almost completely resolved, and the empyema space appears 
to be completely obliterated (classified as a poor result from decortication). 



Eis. 1.—Case 4. Roentgenogram of chest before and after decortication. One of early case*; 

requiring resection of a rib. 


Case 4.— J. R., white woman, aged 2S years, developed tuberculosis in 1946. A ri<dit 
artificial pneumothorax was initiated, and in January, 1947, an intrapleural pneumolysis was 
carried out. A massive hemopneumothorax followed and, in a matter of weeks, this" became 
a fibrothorax. The patient V general condition improved and sputum became’ negative, so 
It was decided that she probably would not require further, treatment. However,° in 194S 
a type V empyema with bronchopleural fistula was demonstrated. Pulmonary decortication 
was done on May 6 , 1949, with prompt re-expansion of the lung (Fig. 1). 


Case d.— M. T., white woman, aged 27 years, developed tuberculosis in 194S Pne„ 
mothorax was attempted, but pleural symphysis was found. A left phrenic crush was done 
December, 1948, and in March, 1949, pneumoperitoneum was begun. Atelectasis of the 
ett upper lobe with cavity formation appeared, and in October, 1949 a left uDn^r lnl 
-as done. Following operation, a clotted hemothorax develop d a^ wls s 00 T followel 7 
bronchopleural fistula and the development of a type V empve.ua. P. mono " t V 

was done Dec. 2, 1949, with complete obliteration of the pleural space (Fig. ■2)^^ U ' at ‘° n 
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Case (i.—N. S., white woman, aged 24 years, developed tuberculosis in 1045. A right 
pneumothorax was begun, in August, 194<>. An effusion developed some months later and 
became a type IH empyema in February, 1918. In spite of continuous aspiration, the lung 
did not expand. A right pulmonary decortication was done on Jan. 27, 1950, with prompt 
obliteration of the pleural space. The patient remained well until October, 1950, at which 
time a small now infiltration was noted in the left apex. This is still present and will 
probably require further treatment. 


Case 7.—J. M., white man, aged 14 years, developed tuberculosis in January, 1913. 
Left pneumothorax was begun during April, 1944, and a type I empyema developed in 
March, 1947. In spite of frequent aspirations, the lung did not re-expand. Pulmonary 
decortication was carried out on Feb. 20, 1950, with prompt obliteration of the space (Fig. 3). 


Case 8 .—A. H., white man, aged Ml years, developed a right-sided pleurisy with effusion 
during June, 1941. This became purulent and positive for tubercle bacilli in 1942. ith 
aspirations, it was thought that the space had obliterated, and the patient remained well 
until September, 1948, when a type V empyema with bronchopleural fistula developed. After 
a period of frequent aspirations a right pulmonary decortication was done on May 17, 1950. 
There was complete obliteration of the empyema cavity. 



Fig. 2.—Case 5. Roentgenogram of chest before and after decortication. Also an early case 

for which a rib was resected. 


Case 9.—II. C., white man, aged 34 years, developed tuberculosis in 1931. Artificial 
pneumothorax was begun promptly, and carried on for three years when the lung was allowed 
to re-expand. An opacity at the base was thought to be "thickened pleura." The patient 
remained well for fifteen years. In January, 1949, he developed a severe cough and sputum 
with streaking. Purulent fluid positive for tubercle bacilli was aspirated from the right 
chest. Continuous aspiration, phrenic crush, and pneumoperitoneum were unsuccessful in 
obliterating the space. Pulmonary decortication was done in April, 1950. The diaphragm 
could not be decorticated. Prompt re-expansion did not occur, although the space seemed 
to be netting smaller. In August, 1950, a marked reaccumulation of pus occurred with 
hioli fever and chills. Open drainage was carried out, and the residual space gradually 
decreased until now, eight months later, its capacity is about 10 c.c. (classified as a poor 
result from decortication). 

r . SF iQ_M C., white woman, aged 23 years, developed a right-sided pulmonary 

tuberculosis in the spring of 1949. A pneumothorax was induced March 30, 1949, and in 
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February. 1950, a type III empyema developed acutely. Strenuous anempts were nlade to 
expand the lung, hat these failed. Pulmonary decortication was performed on May 9, 1950, 
and the space was obliterated in forty-eight hours (Fig. 1). 

Cass 11.— J- I~. white man, aged 20 years, developed tuberculosis in 1914. For the 
next four years his course was rather unstable, and by March. 1949, bilateral pneumothorax 
had been initiated. Following a right intrapleural pnentnonolysis in August, 1949. a type I 
etapvema developed. la spite of frequent aspirations, the lung proved unexpandable, and 
a pulmonary decortication was done on May 11. 1950. There was prompt and complete 
obliteration of the empyema caviry. 

Case 12.—J. B., white man. aged 40 years, developed bilateral pulmonary tuberculosis 
in 1941. in 1943, a left artincial pneumothorax was begun. A type III empyema developed 
during July, 1945, and the space was thought to have been obliterated by aspiration by 
October. 194S. However. in July, 1949. purulent dual was again found in the pleural space. 
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Aspirations were continued without avail. A left pulmonary decortication was done Oct. 13, 
1950. The postoperative course was rather stormy because of the development of marked 
subcutaneous emphysema. This subsided, however, and the lung re-expanded completely. 

Case 13.—R. M., white woman, aged 22 years, developed bilateral tuberculosis in 1947. 
Bilateral artificial pneumothorax was induced, and that on the left side was maintained for 
two and one-half years. On the right, a type III empyema developed in February, 1950. 
Sputum remained positive, and bronchiectasis was demonstrated in the right upper lobe. The 
empyema persisted and in October, 1950, a complete pulmonary decortication was done and 
the right upper lober was removed. After a period of several weeks, complete obliteration 
of the space occurred. 

Case 14.—M. M., white man, aged 4S years, developed tuberculosis during 1946. A 
left-sided artificial pneumothorax was initiated in February', 1947, and this was complicated 
by a type I empyema during February, 194S. Repeated unsuccessful attempts were made to 
re-expand the lung by aspiration. A left pulmonary decortication was carried out on March 
G, 1951, with rapid and complete obliteration of the pleural space. 

DISCUSSION 

Although our experience is limited, we are very much impressed with the 
results of pulmonary decortication, especially in the treatment of tuberculous 
empyema. It would appear that in these eases a decortication properly and 
completely done will be almost 100 per cent effective in effecting a cure. It is 
our impression that the success of the operation will be in direct ratio to the 
completeness of the decortication, particularly with respect to the removal of 
the peel from the diaphragm. It is also very important, as far as possible, to 
free the interlobar fissures. While every attempt is made to treat the lung 
with respect, it is almost impossible to avoid a small amount of air leakage. 
When continuous suction is used, however, this does not appear to affect the 
outcome and the lung usually re-expands promptly. 

The so-called unexpandable lung without empyema would seem particularly 
suited to this operation, as in these eases the peel is usually thin and very loosely 
attached and there is no infection present. In regard to resection, the avail¬ 
ability of the decortication procedure renders unnecessary the performance of 
thoracoplasty or other collapse procedure to obliterate a space that could not 
otherwise be filled by the remaining peel-covered lobe or lobes. Pneumonec¬ 
tomies that Were once thought impossible are now greatly simplified by the find¬ 
ing of the cleavage plane between the visceral peel and the visceral pleura. 

SUMMARY 

1. This is a report of results with pulmonary decortication in the treat¬ 
ment of twenty-one eases of various pleural complications of pulmonary tuber¬ 
culosis and one of unexpandable lung in pulmonary sarcoma. 

2. The operation was done on one patient with unexpandable lung- and no 
infection, on seven patients in the course of pulmonary resection, and in four¬ 
teen cases of tuberculous empyema. 

3 Results were good in eleven of the fouiteen empyema cases, that is, there 
was complete obliteration of the pleural space; one was classified as a fair re- 
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suit, that is, the space, while becoming smaller, did not completely obliterate; 
and two are classified as poor in that there was no decrease in the size of the 
empyema cavity without the assistance of further surgery. 

4. It is considered that pulmonary decortication is the most valuable proce¬ 
dure available for the treatment of the aforementioned complications. 

5. Brief case histories of the fourteen empyema cases are presented. 
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Aspirations were continued without avail. A left pulmonary decortication was done Oct. 13, 
1950. The postoperative course was rather stormy because of the development of marked 
subcutaneous emphysema. This subsided, however, and the lung re-expanded completely. 

Case 13.—R. M., white woman, aged 22 years, developed bilateral tuberculosis in 1917. 
Bilateral artificial pneumothorax was induced, and that on the left side was maintained for 
two and one-half years. On the right, a type III empyema developed in February, 1950. 
Sputum remained positive, and bronchiectasis was demonstrated in the right upper lobe. The 
empyema persisted and in October, 1950, a complete pulmonary decortication was done and 
the right upper lober was removed. After a period of several weeks, complete obliteration 
of the space occurred. 
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by a type I empyema during February, 1948. Repeated unsuccessful attempts were made to 
re-expand the lung by aspiration. A left pulmonary decortication was carried out on March 
6 , 1951, with rapid and complete obliteration of the pleural space. 

DISCUSSION 

Although our experience is limited, we are very much impressed with the 
results of pulmonary decortication, especially in the treatment of tuberculous 
empyema. It would appear that in these cases a decortication properly and 
completely done will be almost 100 per cent effective in effecting a cure. It is 
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completeness of the decortication, particularly with respect to the removal of 
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free the interlobar fissures. While every attempt is made to treat the lung 
with respect, it is almost impossible to avoid a small amount of air leakage. 
When continuous suction is used, however, this does not appear to affect the 
outcome and the lung usually re-expands promptly. 

The so-called unexpandable lung without empyema would seem particularly 
suited to this operation, as in these cases the peel is usually thin and very loosely 
attached and there is no infection present. In regard to resection, the avail¬ 
ability of the decortication procedure renders unnecessary the performance of 
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tomies that Were once thought impossible are now greatly simplified by the find¬ 
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2. The operation was done on one patient with unexpandable lung and no 
infection, on seven patients in the course of pulmonary resection, and in four¬ 
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suit, rhat is. rlie space, while becoming smaller, did not completely obliterate; 
and two are classified as poor in that there was no decrease in the size oi the 
empyema cavity without the assistance of timber surgery. 

4. It is considered that pulmonary decortication is the most valuable proce¬ 
dure available for the treatment of the aforementioned complications. 

5. Brief case histories of the fourteen empyema cases are presented. 
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UNUSUAL STERNAL DEFORMITY WITH CARDIAC SYMPTOMS- 

OPERATIVE CORRECTION 

Mark M. Ravitch, M.D. 

Baltimore, Md. 

A NUMBER of structural deformities of the chest wall have been corrected 
by operative procedures, among them split sternum 1 and scoliosis, 2 but 
the thoracic deformity which is most commonly treated surgically is the de¬ 
formity of the sternum known as pectus excavatum, or funnel chest. That 
condition is congenital, often familial, and generally progressive. There is a 
depression of the sternum sweeping down from the manubrium to the point of 
maximum depth in the lower portion of the corpus sterni. There is also an 
accompanying side-to-side concavity of varying depth. In most instances these 
patients develop a Hat thin chest, a dorsal kyphos, and tend to carry their heads 
thrust forward. They are generally thin, puny, poorly developed individuals. 
In some instances, and far more commonly than is generally realized, the de¬ 
pressed sternum presses upon or displaces the heart, producing demonstrable 
physiologic disturbances. In the mildest cases there may be nothing more 
abnormal than electrocardiographic evidence of cardiac displacement and 
rotation. There may be various types of cardiac arrhythmia, there may be de¬ 
crease in exercise tolerance and even cardiac failure. 3 Operation in pectus 
excavatum is indicated to correct the existing deformity, to prevent its progres¬ 
sion, and to relieve symptoms which may have already occurred in those patients 
not operated upon in childhood. 

In the present instance the sternal deformity was of an unusual type. It 
resembled that in pectus excavatum in that the depressed corpus sterni dis¬ 
placed the heart to the left, producing symptoms. However, the deformity 
differed from that seen in pectus excavatum. This patient was a powerfully 
built young man with a deep chest and good expansion. The angulation of the 
sternum was a double one, with an anterior bowing in the superior portion in 
addition to the usual concavity interiorly. Unlike the condition in pectus 
excavatum, the ribs seemed to be little involved in the deformity, and there was 
therefore little side-to-side concavity. There was no paradoxical motion of the 
sternum. Operation was undertaken because of increasingly frequent attacks 
of what sounded like paroxysmal tachycardia. 

CASE REPORT 

j j£. No. 403381.—The patient was an 18-year-old college student admitted for 
treatment of a congenital deformity of his chest. No similar deformity was known to be 
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present in any member oi liis family. The peculiar eonformarion of his sternum had been 
noted at birth, and it had become progressively more obvious as he grew. There was no 
limitation in his exercise tolerance. The only symptoms which were attributable to his 
deformity consisted of attacks of palpitation followed by apparent slowing of the heart¬ 
beat, and heavy breathing. For about a year before admission to the hospital these attacks 
had occurred a.bout once a month. He sought medical attention because of these attacks. 
Exa min ation showed a powerfully built young man in excellent general health. He had a 
peculiar deformity of the sternum such that the manubrium stood outward from the ster- 
nomanubrial junction at an angle, thrusting forward to give liim The appearance Oa a pouter 
pigeon (Fig. 1). At the junction between the manubrium and the gladiolus, the sternum 
angled sharply posteriorly, and again at the lower portion of the gladiolus the sternum 
tilted sharply forward. The deep cavity produced by the combination of these angulations 
served to thrust the lower portion of the body of the sternum against the heart, for roentgeno¬ 
grams showed a moderate displacement of the heart to the left. There was also a failure or 
fusion of the laminae of the second thoracic vertebra. Films taken in inspiration and 
expiration showed clearly that theTe was a detinue increase in the anteroposterior diameter 
of the ehest during inspiration, with normal descent of the diaphragm. The lateral views 
showed sharply the double angular deformity of the sternum with its S or Z profile (Fig. 2). 
The cardiac rhythm was regular and the electrocardiogram showed only a right axis deviation. 



,_l-—-1 and B, Note the curious conformation of the chest. The manubrium stones 

thU^n f ^' ara , l ? V ie ma ?. ubri °S laJ io.lar junction where there is a sharp angnlatio^ FrwTi 
thc SlaOiolus incline* posteriorly to the lower third of the corpu* siemi where the 
• CC: reverses itself and the sternum lilts anteriorly. Notice the powerful musculature and r.Vn 
chest, quite unlike that seen in the ordinary pecuti excavatum. musculature and full 


Because of the history of progression of the deformity with the recent appearance of 
symptoms apparently attributable to it. it was felt that the symptoms could probable be 
relieved by eorrcctioa of the deformity. This was considered not to be a typical pectus 
excavatum because of the sharp double angulation and because of the normal expansion of 
me c..est without any evidence of general ilatting of the chest, decrease in the anteroposterior 
diameter or paradoxical motion. F 

V JU!U '. "• 1WS - UE ' ier ' ntraIr:K 'heal ether ane-thesia. the deformity was corrected 

‘ u-e incision was made from above the prominence of the <ri->diolom-,p„t, r ;,i • 

“ *»- "" ■>“’ - >•» .. J: 
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The five lowermost costal cartilages on eacli side, which were attached to the deformed portion 
of the sternum, were divided, and short segments of each were resected. Inasmuch as the 
deformity did not extend very far laterally and the ribs were not deformed or distorted, 
only short segments were removed. The xiphoid was divided from the sternum and a fairly 
tough ligament behind it was also divided. Tough fibrous attachments between the lower 
portion of the sternum and the diaphragm were divided, visibly freeing the sternum. The 
portion of the sternum thus isolated was freed of all attachments to intercostal muscles and 
mediastinal tissues. The pleura was entered on the right. A transverse cuneiform osteotomy 
was performed at the level of greatest prominence of the convex deformity and the sternum 
lifted anteriorly, fracturing the posterior cortical lamella until at this point the sternum 
and gladiolus were level with each other. Since the lower portion of the sternum still had 
a concave deformity, the effect was to produce an uptilting of the lowermost portion of the 
sternum. This was corrected by’ cutting with an osteotome through most of the thickness 
of the sternum at the deepest point of the concavity and fracturing the lower portion of 
the sternum backwards, completing the realignment of the sternum. Portions of the costal 
cartilages were left attached to the sternum because they did not appear deformed unlike 
the situation characteristic of the ordinary pectus excavatum. 



A. B. 

Fig-. 2.—Preoperative roentgenograms. .4, Posteroanterior view. Tlie heart is displaced to 
the left. The arrow points to a failure of fusion of the laminae of the second thoracic vertebra. 

B, Lateral view. The sternal contours are accentuated by application of barium pas’e to 
the skin. The upward and forward displacement of the manubrium and the '/<■ or S-shaped 
Droflle of the sternum with two angulations are plainly demonstrated. In inspiration the trans¬ 
verse diameter of the thorax is considerably greater than in expiration. 

The cuneiform gap in the superior transverse osteotomy was closed by liftin'* the 
sternum anteriorly, and the bone was held in the corrected position at this level by three 
braided silk mattress sutures placed through drill holes. It was now found that the stumps 
of the superior most costal cartilage on either side could be sutured together with heavy silk. 
In order to keep the lower transverse sternal osteotomy open so as to tilt the distal segment 
downward and to maintain correct alignment with the body of the sternum, the bone chips 
removed in making the cuneiform osteotomy were packed into the open defect in the lower 
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transverse sternal osteotomy. thus maintaining the sternum in excellent alignment (Figs. 3 
and 4). The right pleura was penetrated. The patient tolerated the operation quite well 
although whenever the manipulation of the sternum became too forceful his blood pressure 
would "drop from 120 mm. mercury systolic to 90 mm. mercury systolic. He received 1000 
e.c. of blood in the course of the procedure. 

Of great interest was the observation that when the chest was first exposed there was 
no room for a finger between the heart and the lower portion of the sternum which pushed 
directly against it, whereas at the conclusion of the operation after the division of the eostal 
cartilages and all of the intercostal muscles on botli sides and refracturing of the sternum, 
there was at least two fingerbreadtlxs between the posterior border of the sternum and 
the heart. At the conclusion of the procedure the air which had entered rhe right pleural 
cavity was aspirated. 



The patient ran a decreasing elevation in temperature for four days after operatior 
and accumulated a moderate amount of fluid iu the right hemitliorax which had to be aspirated 
on several occasions. There was never any evidence of paradoxical respiration. He was out 
111 T "l' 1 on ,lu ‘ fourth day after operation, and left the hospital on the tenth dav A very 
sanstactory correction of the deformity was secured as evidence by his outward appearance 
^ ^ °) ,in< l by the roentgenograms (Fig. o). * 
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He was last seen Nov. 30, 1950. He stated that since operation he had had no more 
of the series or runs of palpitations such as he had been having at monthly intervals before, 
but that occasionally he still , had single momentary shocklike sensations as if his heart had 
missed a beat. His exercise tolerance and vigor were essentially as they were before opera¬ 
tion and he was delighted with the cosmetic result. Examination showed maintained correc¬ 
tion of the sternal deformity. The anterior border of the sternum was smoothly and nicely 
rounded. There was an inconspicuous midline scar. The sternum felt perfectly solid and 



4_plan of operation. After resection of segments of five costal cartilages on botli 

., i„i 0n of the xiphi sternal junction, two osteotomies were performed. Superiorly a 

sides and . c “*oermjtted the sternum to be lifted anteriorly, fracturing- the posterior eortk-al 
wedge osteotomy peraurtea in a i^ij g nm ent , as sUown ln K This resulted in anterior tntirm 
lamella and restoring th( f i-orpus sterni. A simple osteotomy at the appropriate level nerm tied 
of the lower P ort '™° P tured posteriorly. The osteotomy thus opened out was packed itdth the 
the sternum to ostomy and the corrected position maintained without suf mes 

fragments ^"'’inubrium andgUdiolus were sutured together across the osteotomywthhcavy 
br U a P id r ed r sTlk X\racti^ofexternal splinting was employed. * 
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RAVITCH: LNL-febAL 


and between the tip of tlie steranm and the «p g lower costal cartilages «- 

- z — ~ “ drf “‘ * “ b “ ! 

structure. 



fracturing the posterior corticai lamella. The lower osteotomy was spread open by fracturing 
the distal sternum posteriorly, llone chips from the first osteotomy were placed in the second 
as wedges lo hold It open. Theft* is good expansion or the chest. 
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COMMENT 

In this instance an atypical funnel chest appeared to produce cardiac 
symptoms. The operation differed from that usually employed 4 in that two 
transverse osteotomies were required; very short segments of five costal carti¬ 
lages on each side were resected and the sternal ends of all of them were left 
long. It was actually possible to resuture the second costal cartilages to the 
sternal ends. The correction secured was entirely satisfactory, and the symp¬ 
toms appear to have been relieved. An operation of this magnitude in a 
powerfully built adult is a considerable procedure. There is every reason to 
undertake sueli procedures in childhood when structures are smaller and more 
readily handled and the deformity less pronounced. 

From the technical standpoint it is of interest that even in this heavily 
muscled man with an unusually thick broad heavy sternum, no external traction 
was required and silk sutures alone securely maintained the sternum in corrected 
position. Three years later the chest is solid, and the achieved correction has 
been maintained. 

SUMMARY 

A case is reported of a curious and atypical sternal deformity in an 18- 
year-old boy who had increasingly frequent attacks of paraxysmal tachycardia 
apparently due to pressure upon the heart and displacement of it. 

Resection of small segments of five costal cartilages on each side, division 
of the xiplii sternal joint, and transverse osteotomies of the sternum at each 
of the levels of angulation corrected the deformity and relieved the symptoms. 
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EPIPHRENIC DIVERTICULA OF THE ESOPHAGUS 

Hexry I. Goodmax, M.D., axd Irvixg H. Parxes, M.D. 

New York, X. Y. 

E PIPHREXIC divertieulinn of the esophagus is a rarity. After exhaustive 
study of all the medical literature, 126 reported eases were found. These 
were the cases that were sufficiently described to be reliable enough to be in¬ 
cluded. Many reported eases were found not to be true epiphrenie pulsion di¬ 
verticulum, and therefore were not included in this report. A distinction must 
be made between true epiphrenie diverticula and traction, or functional di¬ 
verticula that have other significance. An epiphrenie diverticulum is one that 
is located just above the diaphragm, and constitutes a pulsion or pressure di¬ 
verticulum. The diverticulum will contain all the layers of the esophagus; the 
weakness, however, being most likely in the muscular layer of the esophagus. 
There are several theories as to why the muscular layer is weak. It may be con¬ 
genitally weak or weakened by a localized esophagitis, and the constant pressure 
of the food upon a congenitally weak portion causing a diverticulum. This con¬ 
stant pressure may be greatly increased due to an atresia of the lower end of 
the esophagus or a neurogenic cardiospasm so that a normal musculature may 
be weakened. There may be destructive degenerative changes of intramural 
ganglia in the region of the esophagus that may weaken the muscular layer. 
Another interesting fact is that about 65 per cent of the eases of epiphrenie 
diverticulum have an associated cardiospasm. This might be due to similar 
neuromuscular defects or it may be secondary, due to reflex action originating 
in the inflamed wall of the diverticulum of the esophagus. 

Tlie first reported cases were those found in autopsy material. With the 
advent of the roentgen ray, the diagnosis could definitely be made more fre¬ 
quently. Symptoms of the diverticula of the esophagus were usually not verv 
clear cut or directly related to the esophagus. Many of the cases reported were 
incidental findings, although some of the patients had one or more symptoms 
referable to the gastrointestinal tract leading to roentgenographic studies. 
Those patients who had symptoms directly referable to the esophagus had one 
or more of the following complaints: dysphagia, epigastric pain or soreness 
vomiting or regurgitation, substernal distress, gas on the stomach, anorexia, 
belching, bloating, loss of weight, cough, bad breath, gurgling noises in the sac, 
heartburn, nausea, regurgitation of blood, and hiccough. The severitv of the 
symptoms varies from very slight to severe enough to cause inanition and even 
emergency operation. 

Depending on the severity of symptoms, the treatment varied. Many of 
the rep orted cases had no therapy at all; others had no more than bland diets. 


Kco.ivo,] for publication May ill. 1351. 
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Hausman 
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Enderlen 
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( Transpleural excision of 
sac. Died of leakage of 
suture line 

Extrapleural excision of 
sac. Died of cardiac 
failure 
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cessful 

2. Suc¬ 
cessful 
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1. Diverticulo-gastrostomy 
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stomach and divertic¬ 
ulum (abdominal 
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Table I—Coxt’d 


author 
Eaoust 
Sessior 
Fitzgibbons 
Gaily and Ber¬ 
nard 
Fmk 


N"0. OF 
TEAP. cases 


TREATMENT 

COX- 

SERVA- OPERA 
TTTE TITE 
1 
1 


j RESULT 
Poor 


Good 

Successful : 


Dilation of cardiospasm 
with bougies 

Transpleural approval, re¬ 
moval of sac, section of 
phrenic nerve and fash¬ 
ioning of pedicle dap of 
diaphragm which was 
sutured over esophagus 
I wound 


1930 1 


t2uartero 

1931 

1 

1 

Fair 

3i5 | 

1 

j 

Transpleural resection. 
Slight insufficiency of 
sutures and leak which 
closed 

Parcelier 

1932 

1 

1 

Died 

34 j 
1 

Transpleural resection. 

Died of erosion into 
aorta 

Adam 

1933 

1 

1 


14 ' 

Abdominal approach for 
diverticulectomy 

Granet, E. 

1933 

1 1 

1 


14 ! 


Haven 

1933 

1 1 



39 



ett 1933 1 

Vinson, PX 1934 ‘ 34 

Lederer, A~ 1934 1 

ICosenork, B. D. 1935 i 1 

Hautefeui lle 1930 1 T~ 

Chevallier 1930 1 

Neuber X3$ !T 


belong 

Milanes 

Harrington 

Holinger 


Medical 

(All) 


Variable 


Chebotarev 

d e.Vmeat i 

Udando 

Abbott 


1940 4 

1944 “X 

1944 T 

1945 1 


I Successful 
'Fw 


Successful 


Kesection extrapleu rally 
Two double diverticula. 
One multiple diverticula 


I Transthoracic diverticular 
j resection. Fistula for 3 
months, requiring thora- 
I coplasty for clo sure 
| Infant . " 

J_ 

| Besection transpl eurallv 
Double diverticula in lower 
one-third of esophagus. 
(Dilatation of esoph- 

_ 

- - 

! Transpleural excis ion 

i Eiophago-gast rostomy. 
j Transpleural complicated 
by empyema and peri- 
: cardia ’ 
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S’ SERVA 
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Schena 

1947 

1 


1 

— 

37 


McNealy and 
Glassman 

1947 

1 

2 

1~ 


i 

Successful 


Resection e.xtrapleurally 

29 

Intra-abdominal esophago- 
gastrostomy 

Kay, E. B. 

1947 

I 

i 

Successful 

23 

Resection extrapleurally 

Eorrester- 
Ward, M. N. 

1948 

~194S 


i 

Successful 

13 

Resection extrapleurally 

Monod 

1 


i 

i 

Successful 

31 

41 

Excision of sac complicated 
by lung abscess most 
likely caused by diver¬ 
ticulum 

Smelt 

1948 

1 


Laliey 

1948 

8 


8 

Successful 

24 

2 

r l ransthoracic excision 

(1) Suture of sac upward 
dependent drainage 

(2) Resection of sac 
transpleurally 

Poppe and 

Berg 

1949 

1 j 


1 

Successful 

30 

Transthoracic esophago- 


1949 

4 


4 

Successful 

1G 

3 Diverticulcctomy. 1 In¬ 
vagination of small 
diverticulum with plica¬ 
tion of dilated walls of 


1949 

3 

3 



09 


I) ’Abreu 

1949 

1 

1 

1 

j 


1 S 

Successful 


8 

Congenital type in G-year- 
old girl. Diverticulec- 
tomy and lobectomy for 
concomitant bronchiec¬ 
tasis 


°* W tWS ° f therapy consisted of 

hydrostatic dilator” '* S ° C r' “If 10 ” ° t tl,e carfi a e end of the esophagus with 
iyaiostatic dilators or sounds. More definitive t hot-on a .' 1 , , 

that wfli dmiA nni„ , i ,, , ennitive tneiapy was gastrostomy, but 

mat was done only when the sae becomes so lawe that it Wrtl ,i 7 «. 

mal alimentation or when esophagitis in J, , d UOt P ° 

feedings. esopna 0 itis in and around the sae did not allow oral 

Of the 126 reported cases, forty-three m- rq 
for treatment of the epiphrenic diverticulum. Of these toZZrTc^ tte” 
were only four operator deaths, a mortality 9 pe r cent. HoweverXus 
surgery to correct the symptoms of epiphrenic diverticula of the esophagus .as 
only recently been generally adopted. The reasons for this late start In sumVal 
treatment was the fear of the earlier surgeons of intrathoracie surgery Enter¬ 
ing the pleural cavity was not safely accomplished until the methods of >o 
trolled anesthesia, especially the development and improvement of end • f ‘'l 
anesthesia, the improved methods of blood transfusion and resuscitation° ; j 
use of chemotherapy and antibiotic therapy were in general use ThT'tl- 
barrier to esophageal surgery was the lack of a peritoneal covering ° 
esophagus, thereby making for a more precarious suture line. However ° - t h 
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careful technique and gentle handling of the tissues and care in maintaining the 
blood supply of the esophagus., this handicap has for the most part been over¬ 
come. 

The operation of choice is one which would eradicate the pathologic lesion, 
the diverticulum, and the obstruction or spasm at the cardiac end of the 
esophagus.' There have been many operations done, indicating that one type 
of operation will not cover all types of pathology. Among the operations per¬ 
formed were: extrapleural resection of sac (Enderlen and Fick), diverticulo- 
gastrostomy, abdominally (Lotheissen) or by the transthoracic approach 
(Hensehen and Poppe), invagination of small diverticulum (Girard), suspension 
of the diverticulum for dependent drainage (Lahey and Holinger), and trans¬ 
pleural resection of sac and direct suture (Quartevo, Harrington, Janes, etc.). 

The indications for operation are: 

1. A diverticulum, which because of its size interferes with deglutition or 
which because of stasis has infected retained food within, causing various gastro¬ 
intestinal symptoms. 

2. A diverticulum which is associated with referred pain due to pressure 
on tlie vagus or sympathetic nerves. 

3. A diverticulum which is associated with cardiospasm or associated with 
atresia of the esophagus, congenital or acquired, which would interfere with 
proper nutrition. 

4. A diverticulum which has become ulcerated causing localized peptic 
esophagitis. 

5. A diverticulum that may undergo malignant changes. 


It Ls agreed that the best approach to the esophagus is the transthoracic 
one, and that the extrapleural approach should no longer he used. The ab¬ 
dominal route is almost always an inadequate method for complete exposure, 
and is not now frequently used. With the perfection of fine silk technique and 
meticulous repair, the Lahey suspension operation has been discarded for the 
complete operation of diverticuleetomy. The operation that has been most 
adequate to date has been the resection of the sac over clamps and the careful 
closure of the esophageal defect. This is all done in one stage, inasmuch as the 
location within the pleural cavity does not allow exteriorization for a two-stage 
procedure. In difficult cases, or when the diverticulum was too large or too 
dose to the diaphragm, an anastomosis was done between the diverticulum and 
die stomach. This lias proved fairly satisfactory, but it is not a complete 
operation. 


The method of treating the diverticula and the atresia of the esophagus 
presented here has not heretofore been reported in the literature. This method 
consists of resection of the distal portion of esophagus containing the diverticula, 
ie area ox atresia, and anastomosing the esophagus to the stomach which is 
longn up into the chest. This allows for the complete eradication of the 
lhe " ;LStrie I’ yriloneal kyer to reinforce the suture line 
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CASE REPORT 

J. M. (Flower and Fifth Avenue Hospital, No. 5957), a white woman, 54 years old, 
was admitted on July 3, 1947, because of increasing difficulty in swallowing. 

History: For the past year, the patient noticed increasing difficulty in swallowing. 
This condition progressed so far that on admission she could swallow only water. Host 
solid foods, excepting farina, could not be swallowed. Her weight dropped from 143 pounds 
to 98 pounds. Seven years previously, the patient had developed a generalized osteoarthritis, 
progressively involving practically all joints. This osteoarthritis compelled her to become 
a semi-invalid. For the past few months, there had been very little pain from her arthritis. 
Past history' was noncontributory. 



Fig. 1.—Case 1. Radiograph showing double diverticulum at lower end of esophagus and 

associated constriction. 

Physical Examination: The patient presented tire picture of a generalized arthritis 
enforcing confinement to bed. There was a pronounced loss of weight and a marked neuro¬ 
muscular atrophy. Blood pressure was 13S/S2. Her general examination was normal. 

•: ■ Laboratory Data: Urine was normal except for one plus acetone. Blood examination 

showed an average normal cell count. Blood *W assermann was negative. 

Eoentgenographic Examination: Roentgenograms of the esophagus and stomach taken 
on June 24 1947, showed the diameter of the esophagus down to the ninth rib posteriorly 
to be normal. There were two diverticula extending to the right, and posteriorly, just above 
the cardia. The cardiac canal and fundus of the stomach were within normal limits (Fig. 1). 

Operation: On July 8, 1947, after suitable preparation by intravenous fluids, vitamins, 
blood transfusion, lavage of stomach and esophagus, and intramuscular penicillin, the patient 


GOODJ3AX AND FASXr 
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: rated upon, under intratracheal cyclopropane, ether, and oxygen anesthesia. An 
was made over the eighth intercostal since treat the angle ox the eighth rib and 
a; downward over the cartilage of the eighth rib on to the abdominal trail, and then 
to tie enter border of the left rectus muscle to the level of the umbilicus. Tie 
al and pleural cavities were then entered, and She diaphragm vras split radially from 
al cartilage to the esophagus. eonTerring the abdominal and pleural cavities into one 


ry. 


.< *n..n u* 'ecteJ CsOpnagiLs und div^rticul; 
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large exposure. The left lung was densely adherent to the parietal pleura and to the 
diaphragm, and this was dissected off. The pleura over the esophagus was then incised from 
the arch of the aorta down to the diaphragm. The esophagus with the diverticula was then 
lifted from its bed with necessary hemostasis, care being exercised to avoid injury to the 
right pleura where the' diverticula were adherent. The stomach was then mobilized by first 
tying off the left gastric vessel near the celiac axis and then separating the attachment of 
the stomach from the spleen and transverse colon, by ligation of the left gastroepiploic and 
the vas brevia, with preservation of the epiploic arch, finally ligating the right gastric and 
the right gastroepiploic arteries. This made it possible to draw the stomach through the 
split diaphragm into the chest without any degree of tension. The blood supply of the 
stomach seemed adequate. The distal end of the esophagus was then resected with a portion 



Fig. 3.—Case 1. Drawing of interior of resected esophagus showing probe through lumen of 
esophagus at the site of septum below diverticula. 

of the eardia of the stomach and the opening then closed with two layers of interrupted fine 
silk. The proximal end of the esophagus was resected about two inches below the arch of 
the aorta, and well above the diverticula. A 2 cm. oval opening was made in the anterior 
wall of the stomach, and a terminolateral anastomosis was then effected between the end 
of the esophagus and the oval opening 1 in the anterior wall of the stomach, using fine inter¬ 
rupted silk sutures in two layers. The stomach was then secured to the parietal pleura to 
relieve tension on the suture line. The diaphragm after careful suture to the fundus of the 
stomach was then reconstructed with interrupted silk sutures. Two hundred thousand units 
of aqueous penicillin were left in the chest, and a catheter was placed through the tentli inter¬ 
costal space in the midaxillary line for underwater drainage. The chest and the abdominal 
incision were closed in layers with chromic catgut. Interrupted silk sutures were used for 
the skin. The patient was given 1000 c.c. of whole blood during the operation, and she 
withstood the procedure well. 

Course: The patient had surprisingly little pain and temperature, considering the 
extensive surgical exposure. There was no dyspnea at any time. After the third day, the 
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The patient lias been tolloivet .we ttec months after operation. A postopera- 

her arthritis. She gained 2. pound, m t esoplia gogastrostomy with reseetton 

tive gastrointestinal series showed a n 1 ~ stomach lying above the diaphragm 

of the lower end of the esophagus, and the fundu. 


(Fig. 4). 



Fig. 4.—Case 1. 
third of the esophagus with re 
stomach above the diaphragm- 


Ka ‘ ,iOS ^?Uon h of V the .WeSIf'S o’f° the 


Patholotjic lUpo,,: The specimen consisted of the lower port,on or an esophagus m as- 
uring d hv 3.5 cm., manifested in a tubelike structure, the eephalad port on ot winch con¬ 
tained twi lateral pouches measuring 4 by 3.5 by 2.5 cm. and 2 by 2 by 2 cm The open¬ 
ings into tlie.-e pouches measured 2 by 1.5 cm. in their greatest diameters. The length or the 
esophagus join-,,,., the cardiac end of the stomach extending below the diverticula measured 
3.5 c,„. On section the inner lining was smooth. A short distance Mow the ost,a or the 
diverticula there was a septal-like structure traversing the lumen of the esophagus occluding 
the lumen, except for a small opening measuring 0.5 cm. in diameter. Tile pathologic diag¬ 
nosis was diverticula of the esophagus and partial atresia of distal end of the esophagus, 
t Figs. 2 and 3.) 

Comment: From the description of the gross pathology and the study of 
the illustration (Fig. :J), the mechanics of the formation of these diverticula are 
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revealed. The lumen of the esophagus was closed by a diaphragm except for an 
opening about 0.5 cm. wide. Without any previous history of injury or the 
swallowing of an eseharotie, it is difficult to explain the etiology of the stricture. 
With the repeated attempts at swallowing, the intraesophageal pressure in¬ 
creased, becoming greatest just above the stricture. The weak areas in the 
esophageal wall finally developed, permitting the herniation of mucosa through 
a muscle hiatus. These diverticula should therefore be considered of the pulsion 
type. 

Case 2.—Mr. J. B. (Blower and Fifth Avenue Hospital, No. 4503), aged 49 years, 
entered the hospital on May 23, 1948, with the chief complaint of choking on food, progres¬ 
sively increasing for the past one and one-half years. The patient began having difficulty 
in swallowing dry- food. He had a feeling of tightness in the throat. The episodes had 
increased in frequency. No vomiting was present, and there was no excessive weight loss. 

Physical Examination was essentially normal except for a blood presure of 180/108. 

Laboratory: Urine normal, hemoglobin 102 per cent, red blood corpuscles 6.2 million, 
white blood corpuscles 10,100, with a normal differential. 

Roentgenograms taken May- 11, 1948, before entering the hospital, showed a normal 
chest with normal heart shadow. 

The esophagus, as seen fluoroscopically, on routine films, and on spot films, showed the 
presence of a diverticulum arising in the lower third of the esophagus. It arose from the 
anterolateral wall. The diverticulum sac measured approximately an inch in diameter. The 
entrance to the diverticulum was large, and it did not retain barium after the evacuation of 
the esophagus. The stomach showed no evidence of intrinsic defect. 

Course: Because of the increasing symptoms, it was decided to operate upon the patient 
and remove the diverticulum. 

Operation: Under a combination of intratracheal anesthesia with cyclopropane and 
curare, the chest was opened. The incision was made through the seventh intercostal space, 
and extended upward along the lateral border of the vertebral column. The downward 
extension of the incision was through the costal cartilage on to the abdominal wall. The 
chest was entered through the intercostal incision after sectioning the sixth and seventh ribs 
at their angles. The pleura overlying the esophagus was incised, and the esophagus with 
its diverticulum mobilized from its bed. The diverticulum was situated about two inches 
below the hilum of the lung and projected to the left. It had a broad base measuring about 
one inch in diameter, with the diverticulum itself measuring a little more than 1% inches 
in diameter. It was globular in shape, and apparently had all the coats of the esophagus. 
The esophagus was mobilized down to the esophageal hiatus. The diaphragm was then 
incised and the abdominal cavity entered. The proximal half of the stomach was mobilized 
by ligating the left gastric vessels and gastroepiploic arch, freeing the greater curvature 
from attachments to the spleen and the splenic colon (ligating the gastric brevia). The 
stomach was then easily drawn through the diaphragm into the chest. The distal portion 
of the esophagus was resected, including the diverticulum and an anastomosis was effected 
between the stomach and the esophagus, terminolateral in type. The original cardiac open- 
in<r of the stomach was closed, using interrupted black silk. The anastomosis was done in 
turn layers with interrupted black silk. The wound was closed in layers leaving 50 c.c. of 
penicillin solution containing 100,000 units. One rubber tube drain through a stab wound 
in the eighth intercostal space posteriorly was used. 

The patient received 500 c.c. of blood during the operative procedure, and he withstood 
edure 'veil The thoracotomy tube was connected to underwater drainage with a 
smalfamount of negative pressure. There was a minimal amount of drainage, the tube 
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being removed on the fourth postoperative day. The temperature never went over 100.6 F., 

and lie patient was started on full liquids on the fourth day and was on soft food on the 
fifth day, with no difficulty in swallowing. The patient was discharged entirely well on the 
twelfth postoperative day. Follow-up examinations have found the patient with no com- 
plaints, eating all food with no difficulty. 

Pathology: Gross: Resected portion of esophagus with diverticulum. Microscopic 
examination showed leukoplakia with chronic ulceration, chronic inflammation, and some 
mucosal hyperplasia. 

Diagnosis: Diverticulum and ulcer of lower portion of esophagus. 

Comment: The operative procedure of resecting the diverticulum or di¬ 
verticula and the distal portions of the esophagus has never been reported. It 
is definitely indicated in those patients who would require a divertieuleetomy 
and also require a plastic repair of the esophagus for stricture or cardiospasm. 
The mobilization of the stomach into the chest and subsequent anastomosis is 
relatively simple now, so that there should be no hesitation in resecting the 
pathology completely; 

summary 

All cases of epiphrenic diverticula of the esophagus recorded in the litera¬ 
ture are reviewed. There were 126 eases reported in the literature. Of these, 
forty-three, or 33 per cent, were operated upon, with a mortality of 0.9 per cent. 
The transition of operative technique is discussed, and a new procedure, that 
of resecting the distal portion of the esophagus and cardia of stomach with intra- 
thoracic esophagogastrostomy, is presented. Two case reports are given which 
utilized this operative procedure. 

It is felt by the authors that this new operative procedure should be re¬ 
served for those eases that would not be adequately treated by divertieuleetomy; 
namely, multiple diverticula, diverticula associated with cardiospasm, with 
esophageal atresia, or with neoplasm. 


ADDEXDUM 

Since this article was submitted, another successful case of diverticulum of the esopha<nts 
associated with carcinoma was successfully operated upon. 

Case 0.—Mr. J. C. (Flower-Fifth Avenue Hospital, Xo. 0044) a white man, aged 0.4 
.'ears, was admitted on June 14, 1951, because of difficulty in swallowing. The patient was 
Hr.-t seen on June 11 and gave the following history: 

History: For the past three mouths lie had increasing difficulty in swallowing. Passage 
ot soft food was very slow and though he never vomited, he has often felt like it. Dunn"- 
the past three weeks, lie complained of increasing difficulty in swallowing liquids with oc° 
casional regurgitation. Occasionally, he complained of substernal pain which was relieved bv 
regurgitation. He lost at least 10 lbs, iu the last three months. 

Physical Examination: Patient is an elderly white male presenting a picture of de- 
•lydration am] In** nt’ wnTrri.f iirwcA r..__ _ .... . . 


h.'<1 ration and loss of weight. Blood pressure 110/S0. Except for 
general physical examination was 


ras negative. 


iorne external hemorrhoids, 


Laboratory Data: Urine examination was negative, except for a trace of albumin. Blood 
examination showed an average normal red cell count, with a hemoglobin of 75 per cent and 
• L.,000, with normal differential. Blood Wasserinann was negative The hlnoJ 

chemistry was within normal ----- ’ 01001 
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Roentgenographio Examination revealed an esophagus which was moderately dilated, 
with slight redundancy of the middle third. There was definite delay in passage of the barium 
through the lower end of the esophagus into the stomach. There was a marked irregular 
narrowing deformity of the lower end of the esophagus, with a moderate sized diverticulum¬ 
like pouch extending to the left of the midline. The possibility of a neoplasm could be 
ruled out (Fig. 5). 



Operation: On June 15, 1951, an esophagogastrostomy was performed following the 
routine described above, resecting the lower half of the esophagus, together with the upper 
one-fourth of the stomach, including nearly the upper half of the lesser curvature. In p el_ 
forming the anastomosis, the anterior wall of the stomach was folded in below the site of 
the anastomosis to create a flap. The purpose of this flap was to help check gastric reflux 
into the esophagus. The anastomosis was about 2 c.c. in diameter when completed. 

Course: Considering the magnitude of the operation, the patient had little reaction. 
He was allowed out of bed on the third postoperative day. There was no dyspnea at an}' 
time. The patient was allowed to swallow fluids on the third postoperative day. By the 
seventh postoperative day, he was on a regular diet. The patient was discharged on the 
tenth postoperative day. The patient was subsequently seen on September 25. He had no 
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difficulty in swallowing, was working, nml 
examination revealed an esophagus normal 
tlow o i barium into the stomaeli. About - 


had gained 111 pounds. A postoperative roentgen 
in width at this time without obstruction to the 
a per cent of the stomaeli was above the left leaf 


of the diaphragm (fig- til. 



Fig. It.—Case .t. Postoperative roentgenogram (close-up). 


Pathologic lieport: Specimen consisted of a long mass of esophageal tissue including 
the cardia and lesser curvature of the stomach. In the mid-portion a 1.5 cm. diverticulum 
leading into the esophagus was seen. A hard white firm muss, 7 by -t cm. was seen encircling 
tivo-thirds of the esophagus not invading the lumen. Study of the proximal end of the 
resected esophagus showed almost 1.5 cm. of smooth muscle entirely' free of invading carci¬ 
noma. At the level of the tumor, however, invading squamous cells had penetrated into the 
adventitial tissue of the esophagus. Study of the distal or cardiac end of resected specimen 
showed gastric mucosa and wall free of carcinomatous invasion. In one section the junction 
of gastric mucosa and squamous epithelium of the esophagus was seen. At this point there 
was slight invasion of the gastric musculature by the squamous carcinoma. 

Gross and Microscopic Diagnosis .— 

Esophagus; Epidermoid carcinoma showing good differentiation and invasion of all 
coats of the wall. 

Stomach: No pathologic diagnosis. 
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Roenlgenographic Examination revealed an esophagus which was moderately dilated, 
with slight redundancy of the middle third. There was definite delay in passage of the barium 
through the lower end of the esophagus into the stomach. There was a marked irregular 
narrowing deformity of the lower end of the esophagus, with a moderate sized diverticulum- 
like pouch extending- to the left of the midline. The possibility of a neoplasm could be 
ruled out (Fig. 5). 



Fig-. S.—Case 3. Preoperative roentgenogram. 


Operation: On June 15, 1951, an esophagogastrostomy was performed following the 
routine described above, resecting the lower half of the esophagus, together with the upper 
one-fourth of the stomach, including nearly the upper half of the lesser curvature. In per¬ 
forming the anastomosis, the anterior wall of the stomach was folded in below the site of 
the anastomosis to create a flap. The purpose of this flap was to help check gastric reflux 
into the esophagus. The anastomosis was about 2 c.c. in diameter when completed. 

Course: Considering the magnitude of the operation, the patient had little reaction. 
He was allowed out of bed on the third postoperative day. There was no dyspnea at any¬ 
time. The patient was allowed to swallow fluids on the third postoperative day. By the 
seventh postoperative day, he was on a regular diet. The patient was discharged on the 
tenth postoperative day. The patient was subsequently seen on September 25. He had no 
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Comment: The diverticulum in this ease is probably of the pulsion type. 
As a result of almost complete encirclement of the esophagus, a weakness in 
the wall had developed resulting in the formation of the diverticulum in response 
to the increase of intra-esophageal pressure. 
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SINGLE LEFT SUPERIOR YENA CAVA, WITH AORTIC 
COARCTATION, IN AN ADULT 

Case Report 

F. Norman Brown, M.D. 

Ottawa, Canada 

T HE occurrence of bilateral superior vena cava is a well-recognized anomaly. 

Sanders, 1 in 1946, found 215 such cases recorded in the medical literature. 
The existence of a left superior eaval trunk, without a corresponding vessel 
on the right, is much less common. Atwell and Zoltowski, 2 in 1938, listed 
nineteen previously reported cases, and added one of their own. No report 
of a similar instance could be located in the English writings since that time. 

The case reported here is that of a man who was found at autopsy to have a 
coarctation of the aorta, in close anatomic relationship to a single left superior 
vena cava. 

CASE REPORT 

The patient, a well-developed muscular man of 47 years, who was stated to have been 
previously in good health, died suddenly and unexpectedly at home. In a complete autopsy 
performed twelve hours after death, the significant findings were confined to the cardio¬ 
vascular system and the lungs. 

The heart was hypertrophied weighing 600 grains. This enlargement mainly involved 
the left ventricle, the myocardium of which was firm and measured 2.8 cm. in thickness. It hile 
the mitral, tricuspid, and pulmonary valves were thin and pliable, the aortic cusps " cre 
somewhat contracted, sclerotic, and nodular. The coronary arteries showed considerable 
narrowing by scattered, raised, atheromatous plaques, but there were no areas of complete 
occlusion. Just beyond the origin of the left subclavian artery there was a coarctation of 
the aorta. The lumen at the constricted point was 0.5 cm. in diameter. The intimal 
surfaces in this situation, and the proximal 2 cm. of the left subclavian artery were raised 
and roughened by yellowish plaques, many containing calcium. In contrast, the intima distal 
to the coarctation was smooth and the aortic wall elastic. Enlarged internal mammary and 
anterior intercostal arteries indicated a well-developed collateral circulation. Also of in¬ 
creased size were the first posterior intercostal arteries, arising from the aorta immediately 
distal to the coarctation. 

Formed by the union of the left innominate and the longer, obliquely placed, right in¬ 
nominate vein, was a large left superior vena cava overlying the aortic arch and closely 
approximated to the groove produced by the coarctation (Fig. I). This anomalous vein 
was continuous with a vascular channel contained within the posterior wall of the left 
atrium, draining into the right atrium. No superior caval trunk was present on the right side. 

In addition to these abnormalities of the heart and great vessels, the lungs were heavy, 
wet and subcrepitant, the left weighing 720 grams and the right 860 grams. The other 
organs were essentially unremarkable grossly. 

Microscopic examination revealed little worthy of mention, aside from congestion and 
edema of lungs. 

COMMENT 

Consideration of the normal development of veins from the cardinal system 
indicates the series of events leading to the establishment of a single superior 
caval trunk on the left side. According to Arey, 3 during the sixth week of 

From the Department of Pathology, University of Ottawa, and the Ottawa General 
HospiUme_ v ed f£)r publication June 19, 1951. 
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intrauterine life, the true precardinal veins, located laterally in the segmented 
portion of the head, drain into the common cardinal veins of each side. Nor¬ 
mally, an oblique anastomosis occurs at about the eighth week, draining from 
the left to the right precardinal. This anastomotic trunk becomes the left in¬ 
nominate vein of the adult and the left precardinal persists merely as part of 
the highest intercostal vein on that side. The stump of the left common 
cardinal normally assists in forming the coronary sinus and sometimes the 
oblique vein of Marshall. It is seen that the superior vena cava is usually 
formed on the right side by the common cardinal and precardinal veins as far 
as the intercardinal anastomosis (Fig. 2.4). In this case, a reversal of the 



Fi S- 1. Heart, aortic arch, and left superior vena cava. The latter has been displaced 
laterally to show the aortic coarctation, over which it lay. 

normal development evidently occurred, the superior vena cava being formed 
by the left common cardinal and preeardinal veins and draining into the right 
atrium through a vascular channel contained within the wall of the left atrium 
(Fig. 9 B). 

A feature of major interest in this case was the presence of both a left 
superior vena cava and coarctation of the aorta. The association between aortic 
coarctation and anomalies of the heart and great vessels Ls well known. The 
relationship is so frequent as to suggest to Hamilton and Abbott 1 a significant 
anatomical complex. In an exhaustive statistical report on 200 cases ofeoarcta- 
mn ot the aorta in 1928, Abbott'- found 111 cases in which there were other 
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cardiac or vascular malformations. However, the persistence of a left superior 
vena cava was reported in only three cases. In these it is not clear whether 
the right vena cava was also present. Reifenstein, Levine, and Gross 0 recently 
reviewed the literature on aortic coarctation since Abbott’s publication, collect¬ 
ing 104 cases. They listed fourteen types of cardiovascular anomaly occurring 
in association with coarctation of the aorta but did not encounter a case of 
persistent left superior vena cava. 



Fig. 2.—A, Diagram to show the normal adult arrangement of veins derived from til 
cardinals (adapted from Arey, L. B.: Developmental Anatomy). B, Diagram of the arrant; , 
ment of veins in the present case. There has been a reversal of the normal development, wi 
a resultant left superior vena cava. 


Concerning the etiology of coarctation of the aorta, a relationship with the 
ductus arteriosus, as suggested by the anatomic site of the narrowing, has been 
widely accepted. According to Hamilton and Abbott, a theory based on this 
relationship was first proposed by Craigie in 1841. To him it seemed likely that 
the obliterating potentialities of the ductus arteriosus had for some peculiar 
reason been extended into the aorta and there given rise to contraction of the 
wall of that vessel. Hamilton and Abbott believed this explanation .(called the 
Skodaic theory after Skoda who supported it) to be true, at least in part, 
although the hypothesis of Brunner that in these cases the peculiar tissue of 
the ductus wall is continued into the wall of the aorta has never been substan¬ 
tiated. It is also of interest that aortic coarctations occur most commonly at 
a site immediately distal to the origin of the left subclavian artery. It is at 
this point that the embryonic right arch is detached during the development 
of the main left dorsal aorta. Here, again, some obliterative process may be 
proposed as the cause of narrowing. 

Despite theories which attempt to relate the development of coarctation 
to obliterative vascular processes, importance has also been attached to the 
mechanical effect of traction of the fibrous obliterated ductus arteriosus on 
the arch of the aorta. Hamilton and Abbott state that this has sometimes 
been so strong as to produce a tent-shaped aneurysm of the aortic wall in this 
region. In the present case, the close anatomical relationship of the large left 
superior vena cava to the coarctation causes speculation as to what effect 
mechanical pressure might have had on initiating or augmenting the construc¬ 
tive process in the aorta. 
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In view of the present-day surgical treatment of coarctation of the aorta, 
any anomaly of possible surgical significance seems worth stressing. Lam, in 
1945, recorded a ease in which a large anomalous inferior vena ca\a interfcied 
with an operation for patent ductus arteriosus. It appears likely that, in the 
case here presented, surgical treatment of the coarctation might well have been 
impossible. The fact that a persistent single left superior vena cava is rare 
in association with coarctation has been amply indicated above. Nevertheless, 
in an individual ease, its presence must necessarily be of vital importance in 
surgical treatment. 

It is necessary to give consideration to the cause of death in this case. It 
seems probable that death was in some way related to the aortic lesion. The 
persistent left eaval trunk could not have had any lethal influence and a com¬ 
plete autopsy failed to reveal any lesion of importance outside the cardiovas¬ 
cular system. Reinfenstein and his co-workers, in 104 eases, found death to be 
due to rupture of the aorta in 23.1 per cent, to bacterial endocarditis or aortitis 
in 22.1 per cent, to congestive heart failure in 1S.3 per cent, to intracranial 
causes in 10.6 per cent and to unrelated causes such as pneumonia and car¬ 
cinoma in 25.9 per cent. In the last category they included three eases in 
which death was sudden and attributed to coronary arterial disease, and two 
cases in which death was sudden and unexplained. In the case reported here, 
the heart was markedly hypertrophied, weighing 600 grams. The coronary 
arteries showed areas of atheromatous thickening but there were no regions of 
marked stenosis or occlusion. It seems probable that death in this instance 
was due to relative myocardial ischemia. 


SUMMARY 

A ease, in a man of 47 years, of a single left-sided superior vena cava 
associated with coarctation of the aorta is reported. This apparently brings 
to twenty the number of recorded cases in which a left superior eaval trunk 
occurred without a corresponding vessel on the right side. It would appear 
that the association of a left superior vena cava with aortic coarctation has been 
observed on but 3 previous occasions. In these three recorded instances, it is 
not known whether there was also a right superior vena cava. It is suggested 
that this type of anomaly may be of importance in the surgery of aortic coarcta¬ 
tion. 
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CARCINOMA OP THE TRACHEA 

Frederick G. Kergin 
Toronto, Ont. 

R ECENT reports of the laboratory investigation of various methods of bridg¬ 
ing gaps in the trachea and bronchi are indicative both of an interest in the 
treatment of tracheal tumors and the lack of a definitive method of reconstruc¬ 
tion which can be applied to human patients with primary tumors of the intra- 
thoracic trachea. Belsey has published a review of the problem which includes 
a report of two cases in which he partially resected a considerable segment of 
the intrathoracic trachea and carried out a reconstruction with fascia lota over 
a framework of stainless steel wire, with brilliant initial success. The only 
report of a successful initial result after resection of a complete segment of the 
intrathoracic trachea in a human subject is that of Jarvis, who bridged the gap 
with a stainless steel tube in the manner evolved by Daniels in experimental 
work on dogs. Clagett attempted a similar reconstruction, using a tube of 
polyethylene, but his patient died. 

Because primary malignant tumors of the trachea are rare, no one surgeon 
is likely to have an opportunity to treat more than a very few. For that reason 
the report of a single case may be justified. The method of reconstruction used 
in this case failed, but the principle involved appears to be sound; the failure 
was due to technical details which are capable of correction. 

G. E., a white man aged 51 years, was admitted to the medical wards of 
the Toronto General Hospital on June 30, 1949, with a diagnosis of acute 
pulmonary edema. For three months he had had a severe cough, productive of 
mucoid sputum, with marked shortness of breath and orthopnea. On the day 
before admission he had coughed up a large amount of blood. He had lost forty 
pounds. He was a chronic alcoholic who for years had had cough with moderate 
sputum. 

The patient was an obese man with a short neck and deep chest. Even in 
an oxygen tent he showed extreme dyspnea with persisting cyanosis, but no 
evidence of cardiac failure. Coarse rhonchi were present throughout the chest. 
He developed clinical and radiographic evidence of bilateral bronchopneumonia 
with a fever up to 103° F., which did not respond to penicillin, and continued 
to cough up large amounts of blood-tinged sputum. 

Laminagrams (Fig- 1) demonstrated a rounded mass arising from the 
l-Flit side of the trachea just above the right main bronchus and almost com¬ 
pletely occluding the lumen of the trachea. A bronchoscopic examination on 

TYom the Department of Surgery. University of Toronto, and the Toronto General Hos- 
Plta1 ' Received for publication June 29, 1951. 


164 



KERUIX : CARCINOMA OR TRACHEA 


165 


July 25 revealed a mass bulging from the right wall of the lower trachea, a.ml 
below this the right main bronchus could he seen containing granulation tissue. 
A biopsy was taken but failed to show tumor. On withdrawing the bronchoscope 
the trachea became completely obstrueed so a gum elastic catheter was passed 
into the right main bronchus. This was left in place for ti\e days and then 
removed, and the patient continued to have a fairly adequate airwa\. 



Fig ‘ '■—Laminagram showing tumor arising from right wall of lower trachea ami almost 

completely obstructing lumen. 


At this point the patient was seen by the surgical service. He had bilateral 
bronchopneumonia, with a temperature of 102° F. There was a persistent 
substernal wheeze, cough with copious sputum, and be seemed in imminent 
danger of recurrence of tracheal obstruction and death from asphyxia. It was 
decided to attempt removal of the tracheal tumor. 

On August 5 the patient was anesthetized with pentotbal and curare and 
using a bronchoscope, an endobronchial catheter was forced past the "rowth 
mto the left main bronchus, and the anesthetic continued with evelopropane 
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The right chest was opened by resection of the sixth rib. The posterior half 
of the lower lobe including the superior segment showed consolidation. The 
azygos vein was divided, and the trachea exposed. On the right side, just above 
the main bronchus, a tumor could be felt, about 2.5 cm. in length. Adherent 
to the trachea in this area was a lymph node, 1 cm. in diameter, which was re¬ 
moved and showed no tumor on frozen section. At this point the patient was 



Fig. 2.—The upper diagrams illustrate the position of the original lesion, and the repair 
of the defect with a patch of pericardium after local excision. The lower diagrams illustrate 
the treatment of the recurrence and the reconstruction of the trachea using a pedicle graft 
from the right bronchus. 


doing badly. He was very anoxic, the heart had stopped, and had restarted 
after massage. The tumor was rapidly excised, leaving a defect in the trachea 
3 cm by 1 cm. This was covered by a free graft of pericardium held taut by 
in+pi'T’nnted sutures of fine silk, and covered by a strip of Gelfoam. The chest 
was closed with underwater drainage. 
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but preserving the lowei halt * clms was created to correspond to 

of 5 cm. In tills way a pedicle gn K was easily turned upward 

the defect in the trachea, lull S e accurately, and was sutured into place 

over the defect in the trachea, fitt A wkle rese etion of mediastinal 

with multiple interrupted sutuies o been done, so no tissue was 

pleura and areolar tissue a was close d with underwater drainage, 

available to cover the gra . patient did extremely well for 

The operation was tolera e w ^ gQod; there was no evidence of 

tivo days. Air entry into m to ° raise considerable amounts of tenacious 

tracheal obstruction, and he vv ^ CQUghfid> , vas unable to clear the mucus 

mucus. On tlie third daj Jlist as he died a bronchoscope was 

and died immediately oi aspbj.^ trachea was ova l in shape but a 9 mm. 

passed, and it was nt0 the left main bronchus which was completely 

bronchoscope was easily passea 

occluded with thick mucu *. confirmed the obstruction of the left main bron- 
Post-mortem examm - descend ing branch of the left coronary 

chus by a mucous plug. n« am 
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artery was obstructed by organized thrombus, and there was a large healing 
infarct of the anterior wall of the left ventricle. No residual carcinoma could 
be demonstrated. The bronchial graft was alive and apparently healing. 

DISCUSSION 

A large proportion of primary tumors of the trachea occur at or near the 
lower end so that reconstruction using the right main bronchus may be con¬ 
sidered as one of the possibilities. Belsey laid down four characteristics which 
are essential to a satisfactory method of reconstruction as follows: (1) lateral 
rigidity; (2) longitudinal elasticity and flexibility; (3) an adequate and air¬ 
tight lumen; (4) an uninterrupted lining of ciliated columnar epithelium. 
The method which has been described fulfilled the last three requirements very 
well but was somewhat deficient in regard to the first. In this case the right 
half of the cartilaginous portion of the trachea was removed together with the 
whole membranous portion. The pedicle graft was in itself of normal rigidity 
but could hinge at the two suture lines, anteriorly and posteriorly, and so assume 
a scabbard shape. The lumen was adecjuate for respiration, and accepted a 9 
nun. bronchoscope, but probably tended to collapse with cough, and this un¬ 
doubtedly contributed to the difficulty in raising mucus. Splinting the lumen 
in a circular shape by the use of wire, or the temporary use of an intraeheal 
tube until healing was sound would not be a difficult addition to the technique. 

Both Jarvis and Clagett performed tracheotomy on their patients to permit 
easy and certain removal of secretions by suction. That was not done in this 
ease, and tracheal suction by intubation through the nose proved difficult and 
unsatisfactory. It is probable that the patient would have survived if it had 
been possible to remove secretions efficiently. Since any method of reconstruc¬ 
tion is likely to result in both increased secretion and some disturbance of the 
cough mechanism, a tracheotomy is a simple and wise precaution. 

SUMMARY 

A case of squamous-cell carcinoma of the lower end of the trachea is re¬ 
ported. As an emergency measure, to overcome tracheal obstruction, the tumor 
was excised locally and the defect successfully repaired with a patch of peri¬ 
cardium. A later radical resection with reconstruction using a pedicle graft 
of bronchus ended in failure. The technical errors responsible for failure are 
discussed. 
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BRONCHIAL OBSTRUCTION WITH CHRONIC ATELECTASIS AND 
PNEUMONITIS DUE TO IIILAR LYMPHADENITIS AFTER 
LOBECTOMY AND LINC.TLECTOMY 

A Case Report 

•John Y. Templeton, III, M.D.° 

Philadelphia, Pa. 

T HE syndrome of chronic atelectasis and pneumonitis most often involving 
the middle lobe is well known, and has been adequately described in the 
papers of Graham, Burford, and Mayer, 4 a! 'd Paulson and ShawN That other 
lobes and segments are sometimes involved is shown by the reports of several 
surgeons.’- *> 0 Clinically, there is usually a rather prolonged history of 

chronic pulmonary infection with cough, pain, dyspnea, hemoptysis, and wheez¬ 
ing. Atelectasis of the involved pulmonary tissue and sometimes calcified hilar 
lymph nodes are seen on roentgenograms. Narrowing of the bronchus may be 
demonstrated by lipiodol studies and bronchoscopy. 

At operation most of these patients are found to have bronchial obstruc¬ 
tion of varying degree usually secondary to compression of the bronchus by 
enlarged hilar lymph nodes. This lymph-node enlargement may be caused by 
infection elsewhere than in the portion of the lung distal to the obstruction. 
In a few eases, the bronchial obstruction is due to other factors such as foreign 
body or intrinsic bronchial disease. Broc-k and associates 2 have described the 
anatomic peculiarities of the middle-lobe bronchus which apparently account for 
the relatively frequent involvement of the middle lobe. 

The ease to be reported here is one in which atelectasis and chronic pneu¬ 
monitis, developing in the remaining part of the left upper lobe a few weeks 
after left lower lobe lobectomy and linguleetomy, necessitated removal of the 
remainder of the left lung. 

CASE REPORT 

This S-year-old white hoy was admitted to Jefferson Hospital on the service of Dr 
Louis H. Clerf. The history was that of chronic suppurative pulmonary disease of five rear- ’ 
duration. Three months prior to admission lie had had a severe attack of larvn<»o-traclieo- 
bronchitis after which he had remained hoarse and dvspneic. TJpon physical "examination 
he was observed to he thin, undernourished, and hoarse. An obstructive type of dyspnea 
markedly limited physical activity. There was slight cyanosis of the fingernails, hut no 
clubbing. His cough was productive of large quantities of purulent sputum. With the direct 
laryngoscope, there was seen marked edema about the left arytenoid cartilage and redundanev 
Of the overlying mucosa. The bronclioseopist observed much purulent secretion in both 
bronchi. Increased difficulty in breathing followed the bronchoscopy, and a tracheotomv 
perform ed. A plain roentgenogram of the chest was not abnormal! A bronehogram demon- 

From the Department of Surgery. Jefferson Medical College. 

Received for publication July 2, 1951. 

* Fellow American Cancer Society. 


16.0 



170 


the journal op thoracic surgery 


both segments^ up'^So ot thc left lobe and 

tree was well outlined, and appeared normal. >emamder of the tracheobronchial 

He was transferred to the suro-ieal 

tomy was performed without incident om 1 ' 1136 ’ ‘ m< ' U left lo " er lobe lobectomy and lingulec- 
except for a few overlying adhesions ‘ TlJ- rema,udcr of the lef t upper lobe seemed normal 
nodes.. Of possible importance in the "° U ” Usual enlargement of the hilar lymph 

bronchial stumps were reinforced hr • U ° l e ' ents ‘ s t l* c fact that after closure the 
His immediate postoperative § ^ ' tIlWn tissues and lymph node, 

chest on the first, third, and ninth post one aS C ‘ ntue,y satisfactory. Roentgenograms of the 
remainder of the left upper lobe Tl„. ^ ^ B,,owcd Silt isfactory expansion of the 

became afebrile quickly, and his’snutnn, ^ paren fy ,na appeared normal (Fig. 1). He 
He was returned to Dr. Clerf’s serv'• > f " '/■ g,eat diminished and no longer purulent, 
removal of the tracheotomy tube ° ° ! 111 ^ lei treatment of his laryngeal lesion and 



Three weeks after operation, however, Jij s coun-l > , r • ,, 

tive of purulent secretions. He developed a «eptic tv g * beC!lnle trou blesome and produc- 
later, pus was seen coming from the left upper tnh^i M brollcll °scopy a week 

Repeated bronchoscopic examinations durinn- the 6 • rano " us wIli<:l1 appeared distorted, 
stenosis of the left upper lobe bronchus progrcssino-To^t! 1 ^ *-° Ur Weeks revealed increasing 
tion. At the same time, the purulent secretions incrcased^Tr ° f alUWSt com plete obstruc¬ 
ted. A roentgenogram showed the left hemitliorax to be h ■ US 1 general condition deterio- 
t0 be only partially aerated (Fig. 2). Instilled lipiodol puddlin' ,e£t upper lobe 

the narrowing of the bronchus was visualized (Fig. 3 ) Wle left u PPer lobe and 

A second thoracotomy was performed approximately „in e 
operation. There was no free fluid, and the pleural smc» ", C , C Cs aftei ’ the original 

P<* "as obliterated by edematous 
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11 ■ Tin rpniiiniler of the left upper lobe appeared chronically infected and almost 

'XZr Of most interest was a fried ,-P « 

,o one another and so situated as to form a constricting nag about the left upper lobe 
bronchus markedly compressing it. A left upper lobe lobectomy was done and most ot the 
S main bronelms removed. The patient s convalescence from tins operat.on was unevent¬ 
ful and he is amiin afebrile and almost free of secretions. E.ght weeks after the operation, 
Ids’general condition is decidedly improved and early removal ot the tracheotomy tube is 

anticipated. 



Fig. 2 .—Fifty-fifth postoperative day. The left hemithorax is obscured and the left upper 

lobe partially atelectatic. 


Dissection of the operative specimen confirmed the impression gained at operation 
that the bronchial obstruction was due entirely to compression by the encircling lymph nodes. 
The two bronchial stumps remaining from the original lobectomy and lingulectomy were well 
healed, and in on way encroached upon the lumen of the bronchus. There was no intrinsic 
obstructive lesion of the bronchus at the point of constriction and, after separation of the 
encircling nodes, the lumen appeared normal. The lobe itself was atelectatic and chronically 
infected with cylindrical bronchiectatie changes in the bronchi. No abscess cavity was present. 
The encircling lymph nodes and parenchymal changes are demonstrated in Fig. -i. 

DISCUSSION 

The ease presented here is one in which obstruction of the bronchus to the 
remaining portion of the left upper lobe after left lower lobe lobectomy and 
lingulectomy was apparently due to external compression from a ring of en¬ 
larged lymph nodes. That the atelectasis and chronic pneumonitis probablv 
followed this obstruction is indicated by the very satisfactory course in the 
early postoperative period and the absence of any indication of lesions in the 
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left upper lobe outside the lingula on the preoperative roentgenograms, at the 
first operation, or on the roentgenograms during the early postoperative period. 
The early distortion of the bronchus was not due to displacement of the upper 
lobe, since peripheral adhesions undivided at the first operation effectively 
held it in the proper position. The closure of the left lower lobe and lingular 
bronchi in no way encroached upon the bronchus, nor was there any obstructing 
lesion of the bronchus itself. 

In retrospect, it is probable that the method of covering the bronchial 
stumps with lymph nodes may have contributed to the formation and fixation 
of the lymphatic ring. Subsequent enlargement of the nodes secondary to the 
inflammatory response to the operation could then have caused pressure and 
obstruction. It is possible that earlier thoracotomy might have permitted re¬ 
lief of the obstruction before serious damage to tbe pulmonaiy tissue made 
excision mandatory. 

The possibility of this unusual complication should be borne in mind during 
the performance of pulmonary lobectomy when tissues to reinforce the bronchial 
stump are being selected so that.the formation of a fixed lymphatic ring about 
the bronchus ijiav be avoided. 
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RETINAL ISCHEMIA WITH UNILATERAL BLINDNESS—A 
COMPLICATION OCCURRING DURING PULMONARY 
RESECTION IN THE PRONE POSITION 

Report op Two Cases 

Harry E. AValkup, M.D., and J. D. Murphy, M.D. 

Oteen, N. C. 


S INCE the introduction of the prone position for thoracic surgical procedures 
in 1946, its use has become widespread both in this country and abroad. 
Many types of apparatus are available for converting the standard operating 
table for adaptation to this operating position. A special Overholt-Coraper 
Thoracic Table has been made available by the American Sterilizer Company 
which, in our experience, has been the most satisfactory. In all of these modifica¬ 
tions the principle is the same in that head and pectoral supports brace the 
coi-responding anatomic parts. A pelvic support and the body of the table bear 
the weight of the pelvic girdle and lower extremities. In all instances the head 
support is horseshoe shaped and is cushioned with rubber. This throws the 
weight of the head on the frontal bone and the zygomatic processes. 

It is the purpose of this paper to present two cases of unilateral blindness 
following pulmonary resection in the prone position. Ih each case blindness 
was attributed to pressure applied to the globe with resultant increased intraoc¬ 
ular tension and ultimate ischemia of the retina. This catastrophe was caused 
by an undetected rotation of the head during the course of the long' operative 
procedure. Direct pressure from the head rest was placed on the globe for a 
protracted period of time, and loss of vision through retinal destruction resulted. 

Case 1.—F. F., a 2S-year-old Negro man, who underwent a right pneumonectomy for 
pulmonary tuberculosis on Nov. 17, 1949. The operation started at S:30 A.M., and terminated 
at 11:30 A.sr. The operative procedure per se was uncomplicated. On removal of the patient 
from the Overliolt-Comper Table, it was noted that a marked exophthalmus was present w 
the right eye. An ophthalmologist was immediately consulted and the following report was 
made: 

Ischemia of macular area. Arteries attenuated, but not typical of central artery occlu¬ 
sion. Marked exophthalmus present. Permanent destruction of the retina has occurred. 

It was the opinion of this consultant that emergency measures could not alter the status 
of vision in the right eye. By the tentli postoperative day the exophthalmus had subsided. 
A careful follow-up during the next few months showed a slight return of light perception, 
but total blindness persisted to all other stimuli. 


Case 2.—C. L., a 27-vear-old Negro man, who underwent a right upper lobectomy for 
pulmonary tuberculosis on May IS, 1951. The operation started at S:30 A.ir., and terminated 
at 11:50 a.ji. No complication occurred during the course of the operative procedure. On 
removing the patient from the Overliolt-Comper Table, it was noted that a marked exophthal¬ 
mus was present in the right eye, with unusual injection of the scleral vessels. Opthalmologie 
examination was obtained, and the following report was made: 
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Patient has complete occlusion of vessels in the right eye. All vessels appear to be 
empty. The optic disk is very pale. Tension is normal to palpation. There is no hope for 
return of vision in this eye. 

The exoplithalmus peisisted for approximately one week, gradually subsiding over this 
period of time. No return of vision occurred on follow-up examination. 

In reviewing the literature, no eases of traumatic blindness could be found 
with an etiologie basis resembling the preceding cases. However, the experi¬ 
mental studies by Kukan, quoted by Puntenney, 1 were encountered during this 
review, and his findings may throw some light on the mechanism involved in 
the production of blindness in these eases. 

Kukan devised a method of ophthalmodynamometry that consisted of a 
negative pressure system involving a manometer, sucking disk, and suction pump. 
With this apparatus positive pressure could be applied to the eyeball when the 
sucking cup was held in apposition to the globe and negative pressure applied. 
He demonstrated mathematically that the pressure which sucks the cup simul¬ 
taneously delivers pressure to the rim of the cup; when the surface area of this 
sucking portion exceeds that of the rim compression occurs and the intraocular 
tension rises. After compression has been maintained for a short period of time 
the aqueous fluid is forced out of the anterior chamber and the retinal blood 
flow is markedly diminished, with a subsequent drop in the intraocular pressure. 
It seems plausible that a similar mechanism of action could occur with prolonged 
constant pressure applied to the globe from the weight of the head compressing 
the eyeball against the cushioned head rest. A diminished retinal circulation 
with subsequent destruction of the retinal structures would be a possible sequence 
of events. 

The preceding cases were presented to call attention to a serious complica¬ 
tion that can occur with the use of the prone position in thoracic surgery. It is 
the feeling of the authors that the prevention of this complication will depend 
on dose cooperation between the surgeon and anesthesiologist. It should he 
the combined duty of the surgeon and anesthesiologist to see that the head is 
placed properly in the head rest at the beginning of the operative procedure. 
The anesthesiologist should see that it remains in the proper position until the 
conclusion of the operation. 

SUMMARY 

1. Two eases of unilateral blindness are presented occurring during pulmo¬ 
nary exeisional surgery with employment of the prone position. 

2. A possible mechanism of action is offered based on opthhalmodvnamo- 
nietrie studies by Kukan, 

3. Cooperation between the surgeon and anesthesiologist is urged in tiie 
prevention of this serious and avoidable complication. 
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COMBINED STREPTOMYCIN AND TUBERCULIN THERAPY IN 
EXPERIMENTAL TUBERCULOSIS 

LI. C. Ballon, M.D., A. Guerxox, and M. A. Simox, M.I). 
Montreal, Que. 

T HE investigation of Cairns and associates 1 suggest that the administration 
of tuberculin (PPD) and streptomycin together might prove beneficial. 
They treated patients suffering from tuberculous meningitis with tuberculin 
and streptomycin given intrathecally. 

We wish to report the results of streptomycin and tuberculin (PPD) 
therapy in guinea pigs experimentally infected with tuberculosis. Suboptinial 
doses of streptomycin were employed. The dose of PPD employed in most in¬ 
stances limited the local tuberculin reaction to an erythematous reaction of 
slight to moderate intensity. 

METHODS 

Eifty-six guinea pigs of mixed breed stock, weighing an average 316 Cm., 
were infected subcutaneously in the right groin region with 0.01 mg. (wet 
weight) of a 14-day-old transplant of human tubercle bacilli (strain H37rv), 
grown on egg medium. The inoculum was contained in 0.5 ml. of phosphate 
buffer solution of pH 7.8. The animals were divided into four groups. There 
were seven males and seven females in each group. There were a similar num¬ 
ber of light colored animals in each group. 

Group A: Fourteen guinea pigs were used as controls. 

Group B: Fourteen guinea pigs were treated with PPD alone. Treatment 
was started two weeks following infection. The dose of PPD 
varied from 0.00001 mg. to 0.001 mg. 

Group C: Daily, except Sundays, fourteen guinea pigs received 5 mg. of 
streptomycin subcutaneously for a period of six weeks. Treat¬ 
ment was started two weeks following infection. By this time 
the local lesion was well defined, the regional nodes palpable. 
Group D: Fourteen guinea pigs were treated with streptomycin and PPD. 

Treatment was started two weeks following infection. The 
dose of streptomycin was 5 mg. daily; the dose of PPD varied 
from 0.00001 mg. to 0.001 mg. 

Intracutaneous tuberculin injections were given at three- to four-day in¬ 
tervals. When the erythematous skin reaction occurred, it became evident 
within twenty-four hours. In most instances the reaction had subsided by 
seventy-two hours. When the more severe hemorrhagic necrotic type of local 
reaction developed, the acute phase seemed over within seventy-two hours. Re¬ 
peated injections gave rise to fresh local responses, but did not seem to alter the 
appearance of the previous response. 
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All injections were contained in a volume of 0.2 ml. Streptomycin was 
dissolved and diluted in sterile distilled water. PPD tablets of 0.05 mg. 
strength were suspended in sterile phosphate buffer solutions of pH 7.4. 

All animals which survived were sacrificed eight weeks after infection. 
At necropsy the degrees of gross involvement of the local lesions, regional in¬ 
guinal and tracheobronchial nodes, the spleen, liver, and lungs were noted. 

The diet of all animals consisted of calf grower meal, carrots, and lettuce, 
(about 40 Gm. of the latter per guinea pig per day); a large' bowl of cool tap 
water was provided for each cage for a period of two hours every morning 
around 8:00 a.m. The injections were given at 10:00 a.m. Lettuce and carrots 
were served in late afternoon; calf grower meal, consisting mainly of mixed 
cereals, was available at all times except during the drinking period early in the 
morning. The temperature in the animal house was kept at about 72° P. 


RESULTS 

A quantitative grading of the macroscopic tuberculous disease in each 
animal of the four groups has been listed in Table I. 

A. Control Animals. —All but two of the fourteen control animals had 
generalized tuberculosis. Two animals died of generalized tuberculosis during 
the experiment. Towards the end of the experiment the majority were be¬ 
ginning to lose weight (Fig. 1). 

A tuberculin skin test performed one week before these animals were sacri¬ 
ficed showed a moderately intense reaction to 0.0001 mg. of PPD. Four ani¬ 
mals showed the hemorrhagic necrotic type of reaction (Table II). 

B. Tuberculin Treated Animals. —Thirteen of fourteen guinea pigs treated 
with tuberculin alone had generalized tuberculosis. Five guinea pigs in this 
group died with generalized disease during the experiment. Most animals 
showed a significant loss in weight during the last two weeks of the experiment. 
The skin reaction varied greatly, especially during the last three weeks. It 
was absent frequently; less frequently it showed hemorrhagic necrosis or the 
erythematous type of reaction (Table III). 

C. Streptomycin Treated Animals. —In this group, the local lesions, when 
present, were small. The regional inguinal lymph nodes were usually small, 
minimally involved; the tracheobronchial nodes to a lesser degree. The spleen 


Table II. Tuberculin - Reaction in Guinea Pigs Treated with Streptomycin Alone and 

in Control Untreated Animals 
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Test dose: 0.0001 mg.: animals tested seven weeks following- infection. 
0 2 animals died some days before they could be tuberculin tested. 

_ = no reaction. ... 

+ - area of erythema less than 10 mm. in diameter. 

I - area of erythema 10 mm. and more in diameter. 

(+7 - area of necrosis or hemorrhagic necrosis. 
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lesions m five The U lesions in eight. The lungs sve.e 

moderately involved in «,vo, and slightly in two. 

1 constant gain in weight was *^^2*%~* «>re they 
1^“ ndid,,., sis tailed to react to 0,001 mg. of PK> 

(Table II). 


WEIGHT RESPONSE IN VARIOUS GROUPS 



D. Streptomycin and Tuberculin Treated Animals .—Bight animals treated 
with streptomycin and tuberculin failed to show gross lesions. In six, the degree 
of macroscopic tuberculosis was slight. The findings in the local lesions, regional 
and tracheobronchial lymph nodes were similar to those noted in the strepto¬ 
mycin treated group. Constant gain in weight was observed. A positive skin 
reaction of slight to moderate intensity was generally noted in these animals 
following treatment (Table IV). 
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Table III. Degree op Tuberculin [Reaction in Guinea Pigs Treated with PPD Alone 


DOSE OF 
PPD (MG.) 

DAYS 
AFTER ; 
INFEC- i 
TION 



REACTION 

NOTED IN INCREASING 

ORDER OF 

INTENSITY 



1 

I 2 

1 3 

1 4 

1 5 

1 6 

1 7 

8 

9 

1 10 1 11 

1 12 

13 

It 

0.00001 

14 

- 

- 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

1 - 

- 

- 

** 1 


0.0001 

IS 

- 

- 

- 


± 

+ 

+ 

4 

-r 

+ 

+ 

+ 

4 

+ 

0.0002 

21 

- 

_ 


+_ 

+ 

+ 

+ 

+ 

a 

A 

+ 

+ 

4 

+ 

0.0002 

24 

- 

_ 1 



_ 

_ 


_ 

± 

+_; 

+ 

+ 

4 

+ 

0.0005 

27 

- 

_ 



+ 

+ 

+ 

+ 

a ; 

4 

+ 

4 

T 

4 

0.0005 

31 

- 


_ 

_ 

_ 

_ 

+ 

+ 

+ 

+ 

+ 

4 

+ 

A 

0.0005 

35 

- 

- 


_ 

+ 

+ 

+ 

+ 

(±j 

+ 

+ 

(+) 

(4) 

(+) 

0.0002 

38 

_ 

- 

_ 







_ 

- 

- 

+ 


0.0005 

42 

o 

- 

_ 


_ 

_ 

_ 

_ 

_ 

+ 

(±) 

(4) 

(+) 

(+) 

0.001 

45 

o 

o 

- 

_ 

_ 

_ 

- 

_ 

- 

+' 

+ 

(+) 

(4) 

(+) 

0.001 

49 

0 

o 

o 

o 

Q 

+ 

+ 

+ ; 

(+) 

(+) 

(+) 

(+1 

(+.' 

(+) 

0.0005 

52 

O 

o 

o 

o 

0 

“ 

- 

- t 

- 


+ 


+ 

0 


- = no reaction. 

± = area of erythema less than 10 mm. in diameter. 

+ = area of erythema 10 mm. and more in diameter. 
(+) = area of necrosis or hemorrhagic necrosis. 

O = died. 


Table IV. Intensity of Tuberculin Reaction in Guinea Pigs Treated with 

Streptomycin and PPD 



± = area of erythema less than 10 mm. in diameter. 

+ = area of erythema 10 mm. and more in diameter. 

(+) = area of necrosis or hemorrhagic necrosis. 

(=) Treatment with Streptomycin started fourteen days after infection; dose of 5 niff- 
daily for six weeks. 


DISCUSSION 

Control, animals and those treated with tuberculin alone, with but few ex¬ 
ceptions, showed similar generalized types of disease consistent with a mod¬ 
erately large infective dose of tubercle bacilli. 

Animals treated with tuberculin alone showed a higher mortality and a 
fmiter loss in weight than did the controls. It appeared that under the con¬ 
ditions of our experiment, treatment with PPD alone proved harmful to tuber¬ 
culous guinea pigs. 

Our findings in animals treated with streptomycin alone correspond to 
those reported by other workers. The organs of many guinea pigs revealed 
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tuberculosis in the gross; but these lesions were of a minimal nature "hen com¬ 
pared with the extensive disease found in either the untreated controls or the 
tuberculin treated animals. 

Animals treated with both streptomycin and tuberculin showed distinctly 
less tuberculosis than did those treated with streptomycin alone. 

Independent objective microscopic study and grading of the tissues of 
streptomycin and streptomycin plus tuberculin treated animals revealed that 
those animals which received combined therapy developed significantly less 
tuberculosis than did the animals which received streptomycin alone. The 
spleens of the streptomycin treated guinea pigs showed more tubercles and 
slightly more caseation than did the spleens of streptomycin and PPD treated 
guinea pigs. The livers of streptomycin treated animals also showed more 
changes. Tubercle bacilli were demonstrated in some of the livers of strepto¬ 
mycin treated animals but none were observed in the streptomycin and PPD 
treated animals. The inflammatory reaction in the lungs of the streptomycin 
treated animals was more marked than it was in the lungs of the streptomycin 
and PPD treated animals. 

The failure of a number of guinea pigs treated with streptomycin alone to 
react to tuberculin was first noted by Feldman and co-workers. 3 Six of our 
streptomycin treated animals did not react to 0.0001 mg. of PPD. while the 
remaining eight animals reacted only mildly when tested seven weeks after in¬ 
fection. The majority of our control untreated guinea pigs, also tested once 
on the same day with a similar dose of PPD, gave strongly positive skin re¬ 
actions. Four exhibited hemorrhagic necrotic reactions. 

In the group of fourteen guinea jugs treated with PPD only, a hemorrhagic 
necrotic reaction was a not infrequent finding during the last three weeks of 
the experiment. The same animal might develop two and even three such re¬ 
actions at different sites upon successive testing at intervals of a few days. The 
erythematous type of reaction occurred irregularly during this period. In this 
group a complete lack of skin sensitivity was observed very often. The two 
extremes of no reaction or intense reaction on testing with a given dose on the 
same day was frequently noted. (See Table III for treatment doses.) A ten¬ 
dency towards tuberculin desensitization may have developed in some of these 
guinea pigs. Treatment with PPD probably hastened the death of some ani¬ 
mals in this group. Loss in weight was greater in these animals than in the 
untreated controls. 

The tuberculin reaction in the streptomyein-PPD treated group, in general 
was positive and constant during the last four weeks of treatment. Progress 
towards desensitization was not apparent in these animals. Thus the type*and 
extent of skin response elicited by 0.0005 mg. on the twenty-seventh or thirty- 
first day following infection was practically the same as that obtained with the 
same dose on the fifty-second day. (See Table IT for treatment doses ) Of 
toN treatment doses given to guinea pigs of this group, in onlv three instances 
, tlle loeal mtracntaneons skin reaction be classified as more than mod¬ 
erately erythematous; necrosis occurred twice and hemorrhage necrosis once 
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SUMMARY 

Guinea pigs infected with 0.01 mg. of tubercle bacilli (human strain 
H37rv), were treated with either tuberculin, streptomycin, or a combination of 
streptomycin and tuberculin (PPD). 

Under the conditions of our experiments, treatment with tuberculin (PPD) 
alone proved harmful. 

Guinea pigs treated with streptomycin plus tuberculin developed signifi¬ 
cantly less tuberculosis than those treated with streptomycin alone. 
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SIMPLE CARDIAC DEFIBRILLATOR* 

George L. Birxbaum, M.D. 

Amarillo, Texas 

A SIMPLE portable and inexpensive defibrillator, essential in any operating- 
room, can be built for less than ten dollars of material. The parts required 
are: one ammeter 0 to 5 amperes, one fixed resistor 50 watts, one v ariable re¬ 
sistor 50 watts, and one ordinary push-button switch. The shocking electrodes 
for the heart are copper plates 3!4 inches in diameter set in “plexiglass plastic 
handiest 9% inches long and % inch in diameter.! The copper plates can be 
covered with a fine chamois felt, if desired, to avoid overheating the heart. 

The housing for the apparatus, less electric cords and electrodes, weighs 
1 pound, 14 ounces (galvanized iron with plastic top). Its dimensions are: 
length 7 inches, width 4y> inches, height 344 inches. 

The defibrillator utilizes ordinary 110 volt alternating house current, and 
is designed for use in cases of ventricular fibrillation associated with cardiac 
arrest occurring in the operating room. Its general construction and specific 
use has been described by Beek.§ The chest may already be open for a thoracic 
operation. If not, an incision up to 10 inches, extending laterally from the 
sternum in the fourth or fifth interspace, is quiclchj made by the surgeon. 

Beck states that when there is no palpable pulse, no blood pressure, and no 
respiration, no time should be wasted. Cardiac resuscitution must be started at 
once. He lists the following “ DON’TS” if certain failure is to be avoided: 


1. Don’t listen for a faint heart sound. 

2. Don’t wait for an electrocardiogram. 

3. Don’t inject epinephrine through the chest wall into the heart. 

4. Don’t dilate the rectal sphincter. 

5. Don’t give mechanical respiration by compression of the chest. 

6. Don’t give a blood transfusion. 

7. Don’t give an intra-arterial transfusion. 

Beck states that tile surgeon and anesthetist have only three to five minutes 
to expose the heart and, by cardiac massage and oxygenation of the lungs, prevent 
irrever sible cerebral anemia. After the interspace is incised, the fourth and fifth 
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cartilages are cut, the wound retracted with a self-retaining retractor, and the 
heart massaged at a rate of 60 to 70 per minute. The surgeon determines the 
most effective method of massage. The heart can be rhythmically compressed 
against the sternum with one hand; or it can be compressed between the palm 
and fingers of one hand posteriorly and the fingers of the other hand anteriorly. 
It may be necessary to incise widely the pericardium if the latter mechanically 
interferes with effective cardiac compression. If rhythmic heart contraction 



i _ Ton, plan of defibrillator panel as shown, left to right, push-button switch, variable 

r ' resistor knob, and ammeter. Bottom, side view of parts wired in series. 

is not restored in a reasonable time, ordinarily a few minutes, the pericardium 
must now be incised if this has not been done previously, to observe whether 
the heart is in asystole or fibrillation. 

If the heart is in ventricular asystole, injection of 5 to 10 c.c. of 1:10,000 
epinephrine into the cavity of the right auricle or ventricle, plus massage, may 
1 the i iear t beat. Up to five injections of epinephrine can be given at 
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intervals of three to five minutes (Beck). Failure to restore the beat indicates 
faulty lung aeration, faulty heart massage, or heart disease. Epinephrine in¬ 
creases heart tone, but is generally considered to predispose to ventricular 
fibrillation. 

If, on the other hand, the heart is already in or should go into ventricular 
fibrillation, procaine is used to reduce the irritability of the heart. Procaine 
reduces heart tone, aud therefore not over 5 c.e. of 1 or 2 per cent solution is 
used per injection. This amount of procaine is injected into the eaiit^v of the 
right auricle or ventricle, and the heart massaged in order to distribute the drug 



Fig. 2.—Top view of assembled defibrillator. The cords to plastic handle plug in and out 
tor convenience. 

From top to bottom, ammeter, knob for variable resistor, push-button switch. Apparatus 
delivers a flow of 1 to 1.5 amperes of current, and uses 110 volt alternating current. A quick 
nip of the finger on the push button will insure current flow for only the required \k to Vtn 
of a second. 1 

through the coronary circulation. The defibrillator electrodes are then placed 
in contact with each side of the heart, as far apart as possible, and by means of a 
quick flip of the push-button switch, 1 to 1.5 amperes of current are sent through 
the heart for approximately one-fifth of a second. During this brief period of 
electric shock the muscle fibers are contracted. When the finger is released from 
the push button and the current broken, the ventricles may be in asystole or 
may again fibrillate. If asystole is present, epinephrine and massage are used 
as described above. If ventricular fibrillation is present, procaine plus massage 
are used as described above. If fibrillation persists after two electric shocks, no 
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more procaine is used, but massage is continued and shock may be tried a few- 
more times. Beck states that in his experience epinephrine, although usually 
contraindicated in fibrillation, can still be cautiously administered in the pres¬ 
ence of persistent ventricular fibrillation; it can “supply the spark that starts 
the beat after the next shock.” 

At all times—before, during, and after resuscitation of the heart—ample 
oxygenation of the lungs must be insured by adequate rhythmic inflation of the 
lungs with oxygen, through an intratracheal tube inserted at the earliest possible 
moment. Rhythmic adequate inflation and deflation of the lungs is paramount 
to insure proper oxygenation of the blood and release of carbon dioxide out of 
the blood. In a closed system, carbon dioxide is absorbed by fresh soda hme. 



Fig. 3.—Oblique view of assembled defibrillator. 


It may take 1 to 2 hours to restore the heart beat; the heart muscle must look 
pink throughout this period. A mechanical resuseitator is advisable for pro¬ 
longed pulmonary ventilation; for shorter periods rhythmic compression of 
the anesthetic bag is usually practiced. 

After cardiac resuscitation is achieved the pericardium is loosely closed 
with sutures, the chest wall tightly closed and the pneumothorax removed by 
suction through a catheter. Intravenous fluids may now be given, for falling 
blood pressure. Mechanical resuscitation is given until spontaneous respiration 
is restored. The intratracheal tube is left in place until adequate spontaneous, 
respiration is assured. 
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Beck's adage “The heat can be restored in any normal heart” should en¬ 
courage the surgeon and anesthetist and discourage despair. 


ADDENDA 

Since tlie preparation of tins article, the writer has become aware that some have 
advocated the insertion in the denbrillatiou unit of an isolation transformer. While this may 
reduce to some extent the hazard of electric shock to personnel working near the patient, it 
will not eliminate it. The chief feature of the isolation transformer is to reduce the incidence 
of fuse blowing. Care to avoid contact of the copper electrodes is necessary to avoid blowing 
a fuse. Surgeons, anesthetists or other personnel who are or may come into contact with 
the patient or operating table should wear rubber gloves (preferably two pairs as a pre¬ 
caution against accidental perforation) and avoid grounding themselves by standing on 
a wooden platform or other nonconductor. 


Kay and Blalock found 10 per cent calcium chloride solution lifesaving in the treatment 
of spontaneous or postdefibrillation cardiac standstill. During operations for congenital 
heart disease in children, where 0.5 e.e. of 1 to 1,000 epinephrine injected into the left ven¬ 
tricular cavity failed to restore the heart beat, i to 4 e.e. of 10 per cent calcium chloride 
injeeted into this chamber produced dramatic restoration. Injection into the left ventricular 
cavity, plus massage, insures the passage of calcium chloride into the coronary arteries and 
is the preferred method. However, if the left ventriele is inaccessible, any other heart chamber 
may be used. 

Calcium chloride is also valuable to prevent ventricular standstill in a heart with weak 
contractions. The calcium ion appears to act on the ventricular muscle, increasing its 
excitability and contractility. This effect resembles the accelerator stimulation of epinephrine 
and the muscular stimulation of digitalis. Calcium chloride solution should therefore be 
ready and available as part of the resuscitation armamentarium, in the event that epinephrine 
is ineffectual. 

(Kay, J. H., and Blalock, A.: “The Use of Calcium Chloride in the Treatment of 
Cardiac Arrest in Patients,” Surg., Gynec. Obst. 93: 97, 1951.) 



SURGICAL TREATMENT OE MULTIPLE ARTERIOVENOUS FISTULAS 
IN THE RIGHT LUNG IN A PATIENT HAVING UNDERGONE A 
LEFT PNEUMONECTOMY SEVEN YEARS EARLIER 
FOR THE SAME DISEASE 

Bkrxard C. Charbox, AID., William E. Adams, M.D., and 
Ralph F. Carlson, M.D. 

Chicago, III. 


A RTERIOVENOUS fistulas of the lung is a relatively rare condition that 
is being reported with increasing frequency. The case we are reporting 
here was reported originally in 1.944' and was the fifth case in the literature 
at that time. By 1949, however, Yaler and associates- were able to tabulate 
forty-three cases, and added two new ones. Since that time reports of several 
more of these cases have appeared in the literature. An excellent review of the 
literature is given by Antonio Giampahno. 3 

A 24-year-old white male welder was admitted to the University of Chicago 
Clinics on Jan. 24, 1943, complaining of frequent nosebleeds and colds for the 
last two or three years. He also had marked cyanosis with clubbing of the fingers 
and toes (Fig. 1, A). These findings were first noted shortly after an attack of 
influenza at the age of six years. Throughout 1941 and 1942 he had been in¬ 
convenienced by a mildly productive cough, which was aggravated when he was 
lying on the left side. He had worked as a farm laborer prior to 1942, and 
had never been incapacitated by his physical condition. 

The family history showed that the patient’s father had bine spots on his 
lips, and had been subject to numerous nosebleeds. Roentgenograms of the 
father’s chest had revealed some shadows. Other male ancestors in the family 
were also reputed to have nosebleeds and blue spots on their lips. One of the 
patient’s sisters died suddenly at an early age, and another one was said bj 
the patient to be “blue,” but she has not been seen by us. 

At the time of admission in 1943, the red blood cells numbered 7,200,000 per 
cubic millimeter, and the hemoglobin content was 23 Gin. per hundred cubic 
centimeters. The arterial oxygen saturation was 71 per cent (van Slyke). 
Roentgenograms of the patient’s chest (Fig. 1,7?) showed a lobulated, moder¬ 
ately opaque area covering about 25 cm. 2 located between the left seventh and 
ninth ribs posteriorly. A second similar opacity 1 ein. in diameter was seen 
in the midaxillary line at the level of the right sixtli rib. The clinical diagnosis 
was cavernous hemangioma of the left lung. As a result of this study it was 
thought at that time that the best treatment would be a left pneumonectomy. 
This operation was performed by one of us (W. E. A.) on Feb. 11, 1943. The 
pathologic diagnosis was multiple arteriovenous fistulas of the left lung (Fig- 
1, C and D). 


From the Department of Surgery of the University of Chicago. 
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. nneration ■ note marked clubbing of the fingers. (From 

Fig. l.—A, Patient before flr^t operation . ^entgenogram before first operation, showing 
Adams et al. : Arch. Surg., 49: a l-o 8 ’ da tmill' ( lcm.) opacity near chest wall of right lung 


Suri.I^f f oT-lsPl?4 4]V th D^ r Sic?os?Spic V section of portion of'fistula. (From Adams'et al.: 
Arch’ Surg.. 49: 51-5S, 1944.) 
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The patient’s condition improved considerably following this surgery. His 
cyanosis largely disappeared. Upon discharge three weeks after operation his 
red blood count had fallen to 5,400,000, with a hemoglobin of 17.5 Gm. Two 
months later he started working again. Nine months following surgery his red 
blood count was 5,050,000, the hemoglobin 15.7 Gm. 


V 




2 $* 


12 4 » 
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Fig. 2.—A, Roentgenogram after thoracoplasty. B, Roentgenogram just prior to second 
operation. G, Angiogram. uS T ote the four fistulas filled with contrast material, B, Roentgeno¬ 
gram after last operation. 

In 1945 a bronchopleural fistula with empyema was diagnosed; however, 
the patient did not return again until 1948. He then underwent a left thora¬ 
coplasty for his empyema. After this operation the patient felt well and con¬ 
tinued to work as a farmer and welder. The red count at tins time, however, 
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had risen to 5,900,000, with a hemoglobin of 21 6m. A chest roentgenogram 
(Fig. 2, A and B) showed some increase in the size of the right pulmonary 
lesion. 

Fluoroscopy in 1949 showed the appearance of a new lesion in the lower 
right lung field. In October, 1949, pulmonary angiograms (Fig. 2, C) were 
made which revealed four cavernous spaces in the lower half of the right chest, 
the appearance of which was compatible with arteriovenous fistulas. Physical 
examination in February, 1950, revealed a well-developed, somewhat thin white 
man with marked cyanosis. Blood pressure was 125/SO; pulse, SO; respiration, 
22; temperature, 37° C. The lips showed some small hemangiomas. The left 
chest wall was partially collapsed. Xo bruit was heard over the right lung 
field. Except for the marked clubbing of the fingers and toes, no abnormalities 
were found in the extremities; urinalysis was negative. The blood count showed 
7,900 white blood cells, with a normal differential. Hemoglobin was 22 6m., the 
red blood cells 7,190,000, and the hematocrit 75 per cent. Arterial oxygen 
saturation was 69 per cent. Vital capacity was 1,100 cubic centimeter. 



Fig. 3.—Gross and microscopic appearance of specimens removed at last operation. 


Because it appeared clear that the patient was going steadily downhill, 
further surgery seemed necessary. Inasmuch as the lesions were located in 
each of the three lobes of the sole remaining (right) lung, the only possibilitv 
was to try to locate the fistulas and to ligate the efferent and afferent blood 
vessels, or to resect the pathologic areas, saving as much lung tissue as possible. 

It was thought it would be wise to employ an oximeter during the opera¬ 
tion, both as an aid for the anesthesiologist in evaluating the patient’s condi¬ 
tion, and as a possible help in identifying the fistulas, as one would expect an 
immediate rise in oxygen saturation with the compression of an area of the lun« 
containing a fistula. 

In order to test the validity of this reasoning, and to measure the decree 
ot change which might be expected at the operation, an experiment was per¬ 
formed on a dog iu which an end-to-end anastomosis was constructed between 
the pulmonary artery and pulmonary vein of the left lower lobe. 4 Millikai 
oximeter consisting of a Coleman anoxia photometer earpiece connected to " 
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control box built by Dr. John Perkins, Jr., from our Physiology Department, 
according to Millikan's compensated circuit, was made into a recording instru¬ 
ment by leading the output to a Brown Electronik Potentiometer. In the ex¬ 
periment performed on the dog, the animal was heparinized and a glass cuvette 
containing a film of blood 1 mm. thick was connected in series with the cut 
ends of the femoral artery. The oximeter earpiece was applied to this cuvette. 

As indicated in Fig. 4, occlusion of the anastomosis caused a 23 per cent 
rise in the per cent saturation of peripheral arterial blood, whereas release of 
occlusion caused a corresponding fall. This experiment, then, indicated that 
the Millikan oximeter would indeed be sensitive enough to distinguish between 
the normal pulmonary arteries on the one hand and the pulmonary artery-pul¬ 
monary vein shunts known to be present in the patient’s lung. The oximeter 

PULMONARY ARTERY-PULMONARY VEIN SHUNT 
EXPERIMENTALLY PRODUCED IN DOG 


UNCLAMP 

1 



Fig-. 4.—Oximeter tracing in a dog showing blood oxygen saturation with an arteriovenous 
fistula of the lung open and occluded. 

was therefore used throughout the operation on the patient as indicated in the 
record (Fig. 5). The initial reading was set at 69 per cent, corresponding with 
the oxygen saturation found with the van Slyke method. When each one of 
three of the four shunts in the lung were occluded, the oximeter reading in¬ 
creased relatively abruptly by 7 or more per cent. At tlie end of the operation 
with still one fistula present and 100 per cent mask oxygen being administered 
the value was 90 per cent. Inasmuch as these three shunts consisting of cavern¬ 
ous hemangiomas lay on the surface of the lung and could be readily visualized, 
use of the oximeter in the manner described simply confirmed rather than estab¬ 
lished their location in this case. Nevertheless, we believe that in eases where 
shunts of this type lie deep in the lung, the method should prove valuable in 

locating them. 
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A number of additional factors were considered prior to surgery, which 
seemed of considerable importance in this particular case. The pulmonary 
vascular bed had already been reduced by half by the previous pneumonectomy. 
It was thought that further reduction and consequent increased resistance by 
the occlusion of the large arteriovenous shunts, coupled with the abnormally 
high viscosity (found to be 2.3 times normal as measured with an Ostvald 
viscosimeter) of the blood because of the compensatory poh cj themia, might im¬ 
pose too great a strain on the right ventricle. 



Fig. 5.—Oximeter tracing during operation: note sudden rise in oxygen saturation of the 

blood when shunts were occluded. 


Plans were made to prevent this possible complication as follows: (1) right 
ventricular pressure would be measured throughout the operation in order to 
determine whether this pressure rose to dangerously high levels during ligation 
of the pulmonary shunts; (2) blood initially lost at operation would he replaced 
with saline, plasma or both, rather than with whole blood, in order to reduce 
the relative viscocity of the blood and thus minimize the rise to be expected 
during ligation. It was realized, however, that a fall in systemic blood pressure 
occurring in this patient at the time of ligation could be the result (1) of a 
sudden reduction in viscocity of the blood because of less hindrance bv the 
peripheral vascular bed to the blood flow, ('2) as well as of a possible reduction 
in right heart output resulting from the increased resistance in the pulmonarv 
circuit following ligation of the shunts. 

After these preliminary considerations, the operation was performed bv 
one of us (W. E. A.) on Feb. 10, 1950. Under local anesthesia, a cardiac 
catheter was introduced in a jugular vein (as it was impossible to introduce 
it into an arm vein), and under fluoroscopic control placed in the rieht ventricle 
tor pressure recordings (Table II). Intravenous no-mal saline solution was 
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Table I. Blood Data. A Summary of the Clinical Course and Laboratory Findings in 
a Patient With Bilateral Pulmonary Arteriovenous Fistulas 



l , 


RED | 

1 HEMOGLO¬ 


ARTERIAL 


1 THERAPY AND 

VITAL 

BLOOD | 

BIN 

| HEMATO- 

OXYGEN 

DATE 

I COMMENTS 

CAPACITY 

CELLS | 

' (CM.) j 

: CRIT 

SATURATION 

2/ 8/43 
2/11/43 

Pneumonectomy, left 

3,800 

7.2 

23.0 

82.0 

71.0 

2/15/43 


6.4 

17.0 

51.5 

72.0 

3/ 4/43 

Discharged from hos¬ 


5.4 

17.5 




pital 






11/32/43 

Working 

Thoracoplasty 

2,200 

5.05 

15.7 

54.0 

85.0 

5/ 4/48 


5.9 

21.0 



6/ 3/49 

Neiv A-V fistula seen 
in right lower lobe 


6.4S 

20.4 



10/12/49 



24.0 

70.0 

78.0 

2/ 3/50 
2/10/50 

Excision of 2 and 

1,100 

7.19 

22.0 

75.0 

69.0 


closure of one A-Y 
fistula 






3/ 6/50 



5.6 

17.0 

47.0 


4/ 7/50 


1,100 

5.64 

19.0 

62.0 

85.0 

9/18/50 


5.57 

18.4 



1/ 3/51 


1,400 

5.35 

17.4 

59.0 

86.0 


started in both legs. Endotracheal ether-oxygen anesthesia was employed and, 
when the chest was opened, intermittent positive pressure was applied by as¬ 
sisted respiration throughout. Every fifteen minutes the hematocrit was meas¬ 
ured. Blood loss was estimated by weighing sponges. 

Operation: The right thorax was entered through the bed of the seventh 
rib, which was removed subperiosteally. The entire pleural space was found 
to be obliterated. Adhesions were freed over the right middle and lower lobes. 
One arteriovenous fistula was found at the surf a ee of the lung at the lower 
medial aspect of the right lower lobe, and another was found at the lower 
lateral aspect of the right middle lobe. Tlie fistulas were noted to pulsate, 
but no thrill was palpated. The two areas containing fistulas were clamped 
off with right angle clamps and resected. At about the time of closure of 
the second fistula the blood pressure dropped to 50/30. Transfusion with plasma 


Table IX. Bight Ventricular Pressures During Operation, Feb. 10, 1950 



time 

| systolic mm. iig j 

| DIASTOLIC MM. HR 

9 :20 a.m. 


40-50 

20 

Induction 
9:30 A.M. 

period 

35-38 

20-25 

9:50 a.m. 


30-40 

7-10 

10:05 a.m. 


25-40 

5-15 

10:10 a.m. Chest open 

25-30 

10 

10:20 a.m. 


25-30 

10 

10:30 a.m. 

Vessels exposed 

25-35 

10-15 

10:40 a.m. 


25 

10-15 

10:50 a.m. 
10:55 a.m. 

1st set of vessels clamped 

25-30 

10 

11:00 A.M. 

2nd set of vessels clamped 

30 

0- -2 

11:15 A.M. 
11:20 A.M. 

30 

-2 

11:40 A.M. 
11:45 A.M. 

3rd set of vessels clamped 

40 

0 

12:00 M. 


45 

45 

-2 

12:25 P.M. 
12:30 P.M. 

Chest closed 

0 
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tailed to prodtiee a satisfactory rise in systemic pressure. Since the right ven¬ 
tricular pressure was only 30 mm. Hg (well within normal limits) it was de¬ 
cided to give whole blood. The systemic blood pressute lose to bO/4-O soon 
after this transfusion. Freeing of the adhesions over the right upper lobe nas 
next begun. As the posterolateral aspect of this lobe was approached, a tin ill 
c-ould be palpated. 

A third arteriovenous fistula, located in the upper lobe, was broken into 
and bled considerably, causing a blood loss of 300 to 400 cubic centimeters. 
Clamps were placed proximal to control the bleeding. This fistula was then 
obliterated with multiple interrupted sutures. There appeared to be a fourth 
fistula deep in the substance of the lower lobe, but it was felt not justified to 
attempt its removal, because it would have been necessary to sacrifice too nuic-b 
lung tissue. Two Pezzar catheters were brought through the eighth interspace, 
and the wound was then closed in layers. The patient's condition remained 
relatively good throughout the procedure. 

The hematocrit which was 75 per cent just before the operation had 
dropped to 60 per cent at the end of the procedure. 

The estimated blood loss was 2,500 e.e. Replacement consisted of 1,200 c.e. 
of saline, 1,500 e.c. of plasma and 1,550 e.e. of blood, given during the opera¬ 
tion which required three hours and fifteen minutes. 

It can be seen in Table II that the systolic right ventricular pressure in¬ 
creased after clamping the fistulas, while the diastolic went down. The high 
right ventricular pressure during induction must be attributed to straining of 
the patient. As the viscosity came down gradually during the procedure, as 
indicated by the decrease in hematocrit, one might have expected a drop in the 
abnormally high right diastolic pressure recorded at the start. 

The patient's postoperative course was quite stormy for the first week. 
He had much difficulty raising secretions, and bronchoscopy and intratracheal 
aspirations were needed rather frequently. He remained quite apprehensive, 
but was able to be up and about most ox the day in a wheel chair after the first 
week. At the time of discharge (four weeks after the operation) he was walk¬ 
ing around the ward. His vital capacity at that time appeared to he less than 
1,000 eubie centimeters. 

At the present time (January, 1951) the patient is in fairly good condition. 
At rest he is not cyanotic, and is able to do some light exercise. He can walk 
up two flights of stairs slowly without resting, walk several miles on the 
level, and is’ much less short of breath than before operation. More than slight 
exercise, however, is too much for him, for he then becomes rapidlv short°of 
breath and markedly eyanotic. His blood oxygen saturation in room air is S6 
per cent and goes up to 100 per cent on inhalation of 100 per cent oxygen. His 
red blood count is 5,350,000: hematocrit, 59; and hemoglobin. 17.4 Gm. The 
vital capacity has increased and is now 1,400 c.e. In general the patient feels 
much better than prior to surgery. However, in view of the fact that he de 
% eloped more arteriovenous fistulas after one operation, his prognosis is uneer 
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DISCUSSION 

It is generally accepted that the best treatment in these cases is to remove 
as little lung tissue as possible, since pre-existing fistulas may open up or new 
ones may develop following surgery and cause a recurrence of the clinical pic¬ 
ture. In this case it was thought in 1943 that a pneumonectomy was the best 
treatment. It would, however, have been better to have performed a partial 
resection of the lung. Since the condition in most of these patients gradually 
gets worse, as indicated by the decreasing oxygen saturation and increasing 
polycythemia, surgery should always be considered. The prognosis without 
surgery is usually unfavorable, the cause of death being cerebral thrombosis, 
pulmonary bleeding, or heart failure. 

SUMMARY 

A case of multiple arteriovenous fistulas of both lungs, for which parts 
of the right lung had to be resected seven years after a left pneumonectomy, is 
presented. Difficulties encountered are discussed. The patient improved con¬ 
siderably after surgery. However, in this patient the prognosis must remain 
guarded. 
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A USEFUL BRONCHIAL CLAMP 

Walter J. Burdette, Ph.D., M.D. 

New Orleans, La. 

A BRONC HIAL damp 0 (Fig. 1) has been designed which has proved very 
useful in the management of the bronchus during pulmonary resection. 
It consists of thin blades with serriform jaws 3.5 cm. in length at right angles 
to a handle 20.7 cm. long containing a screw mechanism for closing the jaws. 
The two parts of each instrument may easily be disassembled for cleaning. 



Eig. 1—Bronchial clamp showing serriform jaws open, closed, and disassembled for cleaning. 


A syringe fits the end of the handle and may be used to clean the bore. The 
instrument is constructed of stainless steel and is quite sturdy, although it 

weighs only 37 6m. It is sterilized in oil and left with a light coatino- 0 & £ oil 
when not in use. ° 


From the Department of Surgery, Louisiana State University School of 'sr . 
Received for publication August 6, 1951. School of Medicine. 

•Manufactured by Mr. B. Richter. S43 Duane Street, Glen Ellyn, Illinois. 
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The thin blades permit easy application, and the screw adjustment and 
serriform jaws prevent slipping, avoiding the necessity of crushing the tissue. 
The absence of ratchet handle and the construction of the shaft at right angles 
to the blades result in the clamp being placed at 90 degrees to the bronchus. 
This prevents the handle from lying in the axis of the bronchus where the 
distal pulmonary parenchyma interferes with proper use of the instrument. 
When the clamp is in place on the proximal bronchial stump it is useful in 
manipulating the stump as sutures are placed. 

When the bronchus is closed on the proximal side without the use of a 
clamp, either before or after it is cut, paired clamps are not used, but a single 
clamp is useful in occluding the distal portion of the bronchus which is to he 
removed. This, of course, is desirable as early as possible to prevent con¬ 
tamination of the remaining tracheobronchial tree by the part to be resected. 
Although the instrument is primarily constructed for work with the bronchus, 
it has some usefulness in vascular surgery as well. 

SUMMARY 

A stainless steel bronchial clamp has been designed with serriform blades 
and screw handle which is convenient to apply with little danger of slipping 
and minimal damage to tissue. 



GANGRENE OF THE ARM FOLLOWING USE OF THE SUBCLAVIAN 
ARTERY IN A PULMONOSYSTEMIC (BLALOCK) ANASTOMOSIS 

Watts R. Webb, M.D., axd Thomas H. Burford, M.D. 

St. Lons, Mo. 

T HE occurrence of gangrene of an extremity following interruption of the 
subclavian artery incident to the performance of an anastomosis to the 
pulmonary artery has been an extremely rare complication. There has been 
only one such case previously reported. 4 in the many hundreds of anastomoses. 
This of course demonstrates the very efficient collateral circulation of the 
shoulder girdle. Very little, however, has been written about the exact patterns 
of this collateral. Our interest was stimulated by the following case. 


CASE REPORT 


B. J. B., a 1-year-old girl, entered Children's Hospital on Feb. 6, 1950, because of 
cyanosis since birth. The parents noted that the child had dyspnea when eating or crying, 
and occasional attacks of syncope. She had had frequent upper respiratory infections with 
slow recovery. She had gained eight pounds since birth. Because of the poor progress shown 
by the child while under observation through the outpatient clinic, early operative intervention 
was deemed necessary. 

Physical examination showed a small, cyanotic, moderately well-developed infant girl 
with clubbing of the fingers and toes. She demonstrated marked dyspnea when crying or 
eating. The tonsils were enlarged and injected. The lungs were dear. The heart appeared 
enlarged to percussion both to the right and to the left. A faint systolic murmur and thrill 
were present over the precordium, with greatest intensity in the third interspace to the left 
of the sternum. The blood pressure was 90/50, with equal pulses in all extremities. 

The laboratory data showed a normal urine, a white blood cell count of 12,000 per cubic 
millimeter with a normal differential, and 7.2 million Ted blood cells with 15.2 Gnu hemoglobin. 
Tlie electrocardiogram showed sinus tachycardia and right axis deviation, and was suggestive 
of myocardial damage. Chest roentgenograms showed findings typical of a tetralogy, with 
inconspicuous vascular shadows bilaterally and a concave pulmonary conus. There was moder¬ 
ate right ventricular hypertrophy, and the aortic window appeared clear. The aortie 3 rch 
was on the right. 

The patient improved on digitalis and oxygen, and the acute tonsillitis responded to 
penicillin and streptomycin therapy. 

Operative Findings .—On Feb. 13, 1950, a left thoracotomy was performed through a 
posterolateral incision with resection of the fourth rib. The aorta was found to descend on 
the right side, as had been thought preoperatively. Though the subclavian and pulmonic 
vessels were very small, it was decided to attempt an anastomosis. In order to obtain sufficient 
length the subclavian artery was transected distal to its first four branches, and the internal 
mammary, vertebral, eostocervieal, and thyrocervical vessels were individuailv ligated An 
end-to-side anastomosis of the subclavian to the pulmonary artery was performed. A thrill 
at the end of this procedure indicated its patency. 

Postoperatively the patient showed only slight improvement in color, and a murmur 
typical of a shunt was never identified. On the first day after operation lividity and coolness 
Of the l eft forearm were noted. Because these changes might be due to thromboses, inter- 
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mitteut injections of intravenous heparin were started jr 

levels could not be consistently maintained. By the tliir/i . °" C ' er ’ a ei 3 ua(:e clotting time 
tion of the changes at the junction of the a™ TT 

fifth postoperative day the patient developed right facial weakne«« , , orearm - 0n the 

arm and leg, with increased tendon reflexes on the right apparently from a T n ® SS .° f the right 

miliootion. Tb. pt.ti.nt'. oy»«. 
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anastomosis had thrombosed. On March 23, 1950, the left forearm was amputated with 
primary healing of the wound. The patient was discharged three weeks later still showing 
cyanosis and having occasional episodes of syncope. 

DISCUSSION 

Universally, after division of the subclavian artery, the arm becomes pulse¬ 
less, and frequently cool. This gradually improves and, while only a faint ladial 
pulse may return, in time the arm seems to become as well de\eloped, as stiong, 
and as warm as its fellow member. In attempting to explain the degree of 
ischemia seen above we were led to consider several factois, the fiist of which 
is the collateral circulation. After simple ligation of the second part of the 



Fig. 1.—Anterior and posterior views of an injected specimen with coarctation of the 
aorta. This shows the prominence and multiplicity of the available intercostal and subscapular 
collateral pathways. 

The specimen is that of a G5-year-old white man, prepared by Dr. E. E. Devereux and 
iJr- B. B. Stortz, from the Museum of the Department of Anatomy, Washington Univer<?itv 
School of Medicine. uimersuj 


subclavian the major collateral channels are as shown in Chart I. Thus, blood 
may leave the subclavian through the internal mammary, thyrocervical, and 
costocervical trunks and be efficiently shunted around the point of ligation. The 
vertebral contributes only a very few further collateral channels. 

This is in marked contrast to the circuitous route necessitated by ligation 
of the subclavian in its second portion when, in addition, its four trunks must 
he ligated at their origin (Chart II). In our experience this has seldom been 
necessary, but it has been done on other occasions without ill effect. In this 
case all blood passing through the channels depicted in Chart I must come from 
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sources more distant than the first portion of the subclavian. The major routes 
in this situation are shown in Chart II and Fig. 1. 

Of these many sources of blood flow the most important is the intercostals, 
principally from the posterior and lateral branches, with their anastomoses to 
the subscapular and the lateral thoracic vessels. This is visually very strikingly 
demonstrated by the injected specimen of a case of coarctation of the aorta 
(Fig. 2). Although the situations are not exactly analogous, the accompanying 
picture displays an exaggerated form of the usual anastomotic patterns. 

Lam believed the posterolateral incision was responsible for the gangrene in 
the case he reported. He did not, however, give full details of the site of 
division of the subclavian artery, so that it is not possible to adjudge all the 
relative factors. It would seem that the posterolateral incision in comparison 
would interrupt more collateral circulation of the arm than would the antero¬ 
lateral approach. The posterolateral incision divides branches of the subscapu¬ 
lar and of the descending ramus of the transverse cervical arteries, and severs 
communication with the posterior and lateral divisions of all intercostals below 
the fourth or fifth intercostal space according to the site of the incision. The 
anterolateral incision divides the internal mammary, the supreme thoreacic, 
the thoracic branches of the thoraeo-acromial trunk, and the anterior branches 
of the superior and aortic intercostals. Both types of incision divide the lateral 
thoracic artery with the anterolateral incision doing so at a higher level. The 
sum total seems to give some slight advantage to the anterolateral incision, but 
in view of the large number of Blalock procedures done through the postero¬ 
lateral incision without difficulty even in older children and adults we are con¬ 
vinced that the site of incision is not too important. 

A far more significant factor, it seems to us, is that of thrombosis of some 
portion of the collateral circulation. These individuals with their polycythemia 
have a well-recognized tendency to spontaneous intravascular thrombosis 8 which 
is accentuated postoperatively. Ligation of a mother trunk, for example, the 
thyrocervical, would enhance the possibility of local thrombosis with propagation 
into its diverging branches. That this factor played a role here is suggested 
by the evidence of thrombosis developing at the site of the subclavian pulmonary 
anastomosis and in the cerebral circulation. 

Another possible factor is spasm of the arteries. The importance of this 
has been recognized by many workers, especially those dealing with traumatic 
vascular injuries, such as those incurred during war. 1 ’ 7 The experiments ot 
Kinmonth, Simeone, and Perlow 3 are particularly pertinent in pointing out the 
prompt appearance of arterial spasm after many' t.ypes of mechanical trauma, 
such as operative manipulations. Usually the constriction is seen in only' a 
localized segment of the traumatized vessel for a brief period of time, but it may 
persist for days, especially in the presence of nerve and other soft tissue injuries. 
Vasospasm is difficult to evaluate in any given ease, and hard to recognize except 
by diagnostic anl therapeutic sympathetic nerve blocks. When, as in this 
instance, blocks have not been done, one can only speculate as to its importance. 

The site of demarcation of the gangrene in this case is an interesting fea¬ 
ture for which no exact explanation is at hand. While in the leg it is possible 
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to associate a given level of gangrene with arterial occlusion at a relatively 
definite point, this cannot be done in the arm. Since nearly all the data for 
gangrene developing after occlusion of the arteries of the axilla or arm have 
come from traumatic injuries when there have been associated injuries to the 
collateral circulation, they are not applicable to this problem. 2 - 0 Leriche and 
Policard 5 found the common brachial artery proximal to the orifice of the pro¬ 
funda to be the only dangerous site for ligation. They report one case with 
subsequent gangrene of the digits of the hand and one case with atrophy and 
fibrosis of the upper arm and hand muscles. They state nothing, however, about 
the type of injury or the collateral circulation and collect thirty-one eases of 
ligation of the brachial artery at this point without subsequent gangrene. It is 
obvious that circulation to the distal parts is more seriously impaired than that 
of the more proximal portion of the extremity, and the demarcation must occur at 
some point along the gradient. The minimal vascular bed in this case un¬ 
doubtedly lays in the collateral of the shoulder girdle at the sites of vasosection 
and thrombosis. 

SUMMARY 

1. A case of gangrene of the arm following use of the subclavian artery m 
a Blalock type anastomosis for tetralogy of Fallot in a one-year-old child is 
presented. 

2. The collateral circulation of the arm is discussed. 

3. The effects of the type of incision, of intravascular thrombosis, and of 
vasospasm are reviewed. 

We wish to express our appreciation to Dr. Mildred Trotter and Dr. Edward W. Dempsey 
of the Department of Anatomy, Washington University School of Medicine, for their kin 
cooperation and assistance. 

ADDENDUM 

Since this was submitted for publication, one further case lias come to our attention. 
F. D’Allaines in Chirurgie Du Coeur, Paris, 1950, Scientiiique Francaise, reports the de¬ 
velopment of gangrene of the entire left arm of one patient after the subclavian artery- 
had been anastomosed to the pulmonary artery. The operation was performed through an 
anterolateral incision, which we feel lends support to our view that the location of the 
incision is not an important factor. Details of the patient’s age and of the level of 
transection of the subclavian artery are not given. 
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FIBROiLA OF THE LUNG 

Case Report 

Paul D. Grimm, M.D., axd Frederick L. Kiechle, AI.D. 

Evaxsville, Ixd. 

P RIALARY benign tumors of the lung are not very frequent in occurrence. 

Undoubtedly, many of these take origin from the bronchus and can be con¬ 
sidered as bronchial tumors. The larger tumors are those described usually as 
Inner neoplasms, while the smaller ones are regarded as bronchial neoplasms. 
Benign tumors' include papilloma, fibroma, lipoma, myoma, chondroma, osteoma, 
and adenoma, "which is considered by Graham and \Vom;iek~ to be potentially 
malignant. 

Among eases of fibroma of lung previously reported are those of Staffieri and 
associates, 3 and of Houyez. 4 Lindgren 3 reports that fibromas represent 9 per 
cent of the bronchial tumors reviewed by him. Lyssuukin'‘ reports a fibroma 
of the lung which underwent malignant change to a xanthomatous fibrosarcoma. 
Leak 7 mentions that sarcomas of the lung are quite rare, comprising an estimated 
0.009 to 0.02 per cent of all autopsies. 

Benign lung tumors may give no indication of their presence for years, 
until they attain such size that they cause pain, circulatory embarrassment, 
dyspnea, or pulmonary osteo-arthropathy. Blockade of bronchi, either by com¬ 
pression or tumor growth, gives rise to cough and inadequate drainage. These 
symptoms of obstruction often are diagnosed as bronchitis or pneumonia. 

CASE REPORT 

This patient was a white man, aged 43 years, occupation laborer. He complained of 
persistent cough and pain in the right chest, which was present four weeks prior to con¬ 
sulting his local physician. Pain was of sharp, migratory, and intermittent character, bertn- 
ning just inferior to the left eostal border and passing in a narrow band up the fifth left 
interspace and then crossing to right chest at the same level. Cough, slightly productive 
from the onset, was first noticed about September, 1949. This eongh appeared when he 
was reclining, and very seldom occurred in the sitting posture. Hemoptysis was absent. 
Right-sided chest pain was more of an aelting character. There was a fifteen pound weight 
loss over a two-month period. Xo joint pains were noted. Past history was uoncontributorv. 
Family history revealed no evidence of tuberculous infection, nor of neoplastic disease. 

Physical examination revealed the following positive findings: Kasai septum was 
deviated slightly to the right, but without obstruction. Thorax was asymmetrical, with 
respiratory movements slightly limited on the left side. Dullness and absence of breath 
sounds existed in the left base. 

Laboratory findings were as follows: Urinary findings were essentially negative 
VTBC 10,300; basophils 3 per eent, eosinophils 2 per cent, juveniles 1 per cent, stabs' 3 per cent 
segmented 71 per cent, lymphocytes 20 per cent. Sedimentation rate was 2S mm. (Cutler 
method). RBC 3,110,000, with 60 per cent Hb. (Sahli). Blood type ••'0.” Bleeding time 
was tour minutes, and clotting time was one and one-lialf minutes. Postoperative blood^count 

From Boehne Tuberculosis Hospital. 
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was: WBC 8,900; eosinophils 2 per cent, stabs 2 per cent, segmenters 73 per cent, lympho¬ 
cytes 23 per cent; BBC 2,960,000, Hb. 54 per cent. Following transfusions, counts rose to 
BBC 3,280,000, Hb. GO per cent; and BBC 4,170,000, Hb. 74 per cent. 

Bronehogram (Fig. 1) in October, 1949, showed atelectasis in the left lower lobe and 
demonstrated obstruction of the lower bronchus, presumably by a tumor mass. The tumor 
was visualized at the time of bronchoscopy and biopsy obtained showed architecture of benign 
fibroma. 

Operative Report: Tumor mass comprised most of the lower lobe, which was firmly 
adherent laterally to the chest wall. The inferior and medial adhesions were separated readily. 
The upper lobe was fixed by adhesions. The lower lobe and tumor were removed by the usual 
individual ligation technique. No sign of metastasis or extension of tumor within the opera¬ 
tive field was observed. A lymph node near the hilus contained necrotic fluid. Several other 
slightly enlarged lymph nodes were removed. Recovery was uneventful. Patient was dis¬ 
charged on the sixteenth postoperative day with remaining lobe expanded. 



Fig. 1- —Bronehogram shows blockade of left lower bronchus and increased density throughout 

the lower lobe. 

Gross Pathology: The tumor occupied more than half of the lower lobe volume. The 
weight of the lower lobe with the tumor was 740 grams. Hemiseetion (Fig. 2) demonstrated 
two spherical tumors, the one much larger and of firm rubbery consistency and suggestion 
of whorled pattern, with slightly pinkish-yellow- color and areas of white and slightly 
softened degeneration; the other of smaller size, equally firm rubbery consistency, but with 
white glistening surface. Cut surfaces bulged. Extensions of tumor tissue were 
seen to fill three major bronchi, and to cross a bifurcation in such a manner as to suggest the 
arrangement of a staghorn calculus of the kidney pelvis. There was no evidence of invasive 
character, and the tumor appeared to be partially encapsulated, and was well demarcated 
from surrounding tissues. 




?. 2.—Hemisection of lower lobe shows character of tumor mass with extension into lar^e 

bronchi. 
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Alicroscopio Pathology: (See Pig. 3) There were a large number of spindle-shaped 
cells lying in a rather dense pink staining stroma. The nuclei were only moderately staining. 
They were rather uniform. They contained small nucleoli. A rare mitosis was seen. In 
some areas there was a great deal of pink-staining stroma with only a very few cells. There 
was no architectural arrangement. In other areas the cells were more closely packed. All 
of the areas sectioned showed the same picture, which was that of very low activity. These 
sections did not show the whorled bundles nor the bluish staining of a neurofibroma. Sections 
of two lymph nodes showed no tumor cells. 

Subsequent Course: This patient has remained well eighteen months and leads a 
normal life, with no evidence of recurrence or metastasis. Fig. 4 shows radiograph taken 
eighteen months after surgery. Lung is re-expanded except in the lower third where the 
pleurae are thickened. 



Fig. 4.—Radiograph shows left upper lobe well expanded, except in lower third where the 

pleurae are thickened. 

COMMENT 

This tumor suggested that it originated from connective tissue of the bron¬ 
chial wall, due to its physical arrangement and cellular picture. However, 
because of its size and extension into the lung by compression, the tumor was 
considered a fibroma of the lung. 

SUMMARY 

1. A case of benign fibroma of lung is presented. 

2. Eighteen months after removal of tumor, and the left lower lobe, there 
has been no recurrence. 
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Constitution and By-Laws of 
the American Association 
for Thoracic Surgery 


CONSTITUTION OF THE AMERICAN ASSOCIATION 
FOR THORACIC SURGERY 

(Amended April 17, 1951) 

Article I. Name 

section 1.—This Association shall be known as the American Association 
for Thoracic Surgery. 

Article II. Object 

section 1. — The object of the Association shall be to encourage and stimulate 
investigation and study that will increase the knowledge of intrathoiacic 
physiology, pathology, and therapy, to correlate such knowledge and dissemma e 
it. 

section 2.*—To attain this object, the Association shall hold at least one 
scientific meeting every year in which free discussion shall be featured, sia 
conduct a Journal for the publication of the papers presented at this meetm.,, 
and other acceptable articles; and shall undertake such other activities as t ie 
Council or the Association as a whole may decide. 

Article Ill.f 


Article IY. Membership 


section 1.—There shall be four classes of members: Active, Associate, 
Senior, and Honorary. Admission to membership in the Association shall he 
by election. There shall he no numerical limits on any class of membership- 
Only Active and Senior members shall have the privilege of voting or holding 
elective office.% 

section 2.—Election to all classes of membership shall he for life, subject 
to the provisions of Section 3, following. (Section 3 deals with resignation 
and/or expulsion for cause.)§ 

section 3.—Membership may be voluntarily terminated at any time by 
members in good standing. The Council, acting as a Board of Censors, may 
recommend the expulsion of a member on the grounds of moral or professional 


yhich ceased to exist. 


*A.s amended in 1950. 

*\™pnrfment to delete this article passed in 1936. The article was concerned with mem- 
fAmenameiu- American Physicians and Surgeons whic' 

bership m tne oon* 

{£=££ P-m reading !S3, 
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delinquency, and submit his name, together with the grounds of complaint, to 
the Association as a whole at any of the regularly convened meetings, after 
giving the member so accused ample opportunity to appear in his own behalf. 

Article Y. Officers and Government 

section 1. — The officers of the Association shall be a President, a V ice- 
President, a Secretary, a Treasurer, an Editor, and five Councilors. These ten 
officers and councilors shall be the governing body of the Association, and shall 
have full power to act on all matters, exeept as follows: 

1. They may not alter the initiation fees or annual dues, nor levy any 
general assessments against the membership, exeept that they may, in individual 
eases, remit annual dues or assessments. 

2. They may in no wise change the Constitution or By-Laws. 

3. They may neither elect new members nor alter the status of existing 
members, other than to apply the provisions of Article IY, Section 2. 

4. They may not deplete the principal of the Endowment Fund. 

section 2. — Officer's and Councilors shall be elected at the annual meeting 
of the Association, and shall take office upon conclusion of the meeting * The 
President and the Yiee-President shall be elected for a one-year term of office 
and neither may be re-elected to succeed himself in the same office. The Secre¬ 
tary, the Treasurer, and the Editor shall he elected for a one-year term of office, 
and any or all may be re-elected indefinitely. The outgoing President shall 
automatically become a Councilor for a one-year term of office. The other four 
Councilors shall be elected, one each year, for a four-year term of office, but no 
Councilor may be re-elected to succeed himself. 

section 3.—Yac-aucies occurring among the officers and councilors during 
the year shall be temporarily filled by action of the Council, subject to approval 
of the Association at the next regularly convened meeting. 


Article YI. Committees 

section 1.—At the opening session of the annual meeting there shall be 
elected, after nomination from the floor of the Association, a Nominating Com¬ 
mittee of three. This Committee shall prepare a slate of nominees for officers 
and councilors and shall present their report at the executive session of the 
Association. 


section 2.—The Council is empowered to appoint a Membership Committee, 
an Auditing Committee, a Program Committee, a Necrology Committee, and 
such other committees as may in its opinion be necessary. All such committees 
shall render their report at the executive session of the Association. 

section 3.—The Editor is empowered to appoint an Editorial Board, subject 
only to the approval of the Council. 


. 5EC J I0N ' -1-—The Association as a whole may authorize the Council 
scienti fic or Research Committees for the purpose of investigatin 


to appoint 
g thoracic 




first reading 1939. 
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problems and may further authorize the Council to support financially such 
committees to a limited degree. In appointing such committees, the Council 
shall be governed by the provisions of the By-Laws. 

Article VII. Finances 

section 1 .— The fiscal year of the Association shall run from the beginning 
of one annual meeting to the beginning of the next annual meeting.* The books 
of the Association shall be kept and audited on this basis. 

section 2. —Members shall contribute to the financial maintenance of the 
Association through the medium of initiation fees, annual dues, and special 
assessments. The amount of the annual dues and the initiation fees shall he 
determined by the By-Laws. 

If, at the end of any fiscal year, there be a deficit in the current funds of 
the Association, the Council may send out notices to that effect and invite Active 
Members to contribute the necessary amount so that no deficit be carried over 
from one fiscal year to another. The Association may, in any regularly con¬ 
vened meeting, vote a special assessment for any purpose consistent with Hu 
objects of the Association (Article II), and such special assessment shall become 
an obligatory charge against the classes of members affected thereby.! 

section 3. —To meet the current expenses of the Association, there shall be 
available all revenue derived from annual dues, special assessments, and income 
from Endowment Fund, subject to the provisions of Section 4, following. 
Funds derived from the payment of initiation fees shall not be available for 
current expenses. 

section 44—All funds derived from the payment of initiation fees shall be 
placed in a special fund, to be invested and reinvested in legal securities, to be 
held intact and to be known as the Endowment Fund. The Council is respon¬ 
sible for the proper management of the Endowment Fund, and may divert any 
surplus in the current funds of the Association into this fund, but may not 
withdraw any of the principal of the Endowment Fund except in accordance 
with the provisions of Section 6, following. 

section 54—The income from the Endowment Fund shall be expended as 
the Council directs. 

section 64 —The principal of the Endowment Fund may be withdrawn, 
in whole or in part, under the following conditions only: The amount of prin¬ 
cipal to be withdrawn shall have been approved by the Council; it shall have 
been approved by a majority of the members present and voting at a regularly 
convened annual meeting; it shall have been tabled for one year; it shall have 
been finally passed by a three-fourths vote of the members present and voting 
at the next regularly convened annual meeting. 

section 7.—In the event of the dissolution of the Association, the Endow¬ 
ment Fund shall be distributed among national institutions of the United States 
and Canada in a proportion ecpial to the then existing ratio between the numbers 
of citizens of the two nations who are members of the Association. 

' ^Amendment passed, first reading: 1939. 
fAs amended in 1950. 

JFinal action taken in 3 940. 
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Article VIII. Meetings 

section 1._The time., plac-e, duration, and procedure of the annual meet- 

ins oi the Association shall be determined by the Council, and the provisions 
of the By-Laws. 

section 2.—A special meeting of the Association may be called on one 
month's notice on the written request oi fifteen members. The specific pur¬ 
poses of the meeting must be stated in the request and in the official call foi 
the meeting. 

SECTION 3.—The annual meeting of the Council shall be held at or near 
the close of the fiscal year. 

Article IX. Amendments 

section 1.— This Constitution shall in no wise be changed except by a 
three-fourths vote of the members present at an annual meeting, and further 
provided that the proposed alteration or amendment shall have been moved and 
seconded at a previous annual meeting, and that printed copies of the suggested 
alteration or amendment shall have been circulated among the members, and 
that the members shall have been specifically advised that sueh alteration or 
amendment will be voted upon. 

BY-LAWS 

Article I. 

section 1 .— 1 These By-Laws shall merely interpret the Constitution and 
specifically apply its principles. They shall set forth no principles not included 
in the Constitution. 

Article II. 

section 1.®—All papers read before the Association shall become the 
property of the Association. Authors shall leave original copies of their manu¬ 
scripts with the Editor or Reporter, at the time of presentation, for publication 
in the official journal. 

section 2 .—When the number of papers makes it desirable, the Council 1 
may require authors to present their papers in abstract, and may set a time 
limit on discussions. 

section 3.®—Members are urged to cooperate with all Scientific Committees 
of the Assoeiatiou. 

section 4.T— Attendance at Annual Meetings and participation in the 
scientific programs shall be optional for all Honorary and Senior Membeis, but 
it shall be expected tram all Active and Associate Members. 

section o.i—M hile the scientific session of the annual meeting is held 
primarily for the benefit of the members of the Association, it may he thrown 
opei110 uonmembers who are able to submit satisfactory credentials, who register 

*As amended In 1330. 

•Amended by addition of Sec. 4, 1916. 

l.Vmendmeni passed. ISIS. 
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in a specified manner, and who pay such registration fee as may be determined 
and published by the Council from year to year. Such registered guests shall 
have the privilege of the floor in discussing papers if time permits. 

Article IV. 

section 1 . — Candidates for membership in this Association must be formally 
nominated and seconded, in an approved manner, by not less than three Active 
or Senior Members. Such nomination must have been in the hands of the Mem¬ 
bership Committee for not less than four months, and the name of the candidate 
must have been distributed to the Association as a whole before final action 
may be taken on any new candidate for election to Active or Associate Member¬ 
ship. Provided the foregoing requirements have been met, and the candidates 
have been approved by the Membership Committee and by the Council, their 
names shall be presented to the Association at a regularly convened annual 
meeting for final action. A three-fourths vote of those present and voting shall 
be required to elect. Any candidate for membership in this Association who 
has failed of election for two successive years shall automatically' cease to be 
a candidate and may not be renominated until after a lapse of three years. 

section 2. s — There shall he no numerical limit on Active Membership . The 
candidate, to be eligible, must be a citizen of the United States of America 01 
of Canada, unless in unusual cases this citizenship requirement shall have been 
waived by the Council. The candidate shall have achieved distinction in ^ u: 
thoracic field, or shall have made a meritorious contribution to knowledge per¬ 
taining to thoracic disease or its surgical treatment. Under usual circumstances, 
Active Members shall be elected from the Associate Members who have satisfied 
all requirements for Active Membership. Under unusual circumstances, Active 
Membership may be awarded to new candidates of outstanding distinction. 

section 3.*—There shall be no numerical limit on Associate Membership. 
The candidate, to be eligible, may be a citizen of any country. All candidates 
for Associate Membership shall be engaged actively in the practice of clinical 
medicine, or in teaching, or investigative work in the basic sciences underlying 
clinical practice, and all shall have demonstrated an active interest in thoracic dis¬ 
ease. In the case of those who are engaged in the independent practice of thoracic 
surgery, it shall be required that they present evidence of sound basic training 
in general as well as thoracic surgery. Younger men, still in training, who have 
shown an interest in the thoracic field, and who are recommended by their pre¬ 
ceptors for the excellence of their work, may be elected to Associate Membership- 
Clinicians of outstanding ability, whose interest is limited to a small fraction 
of the entire thoracic field, may be elected to Associate Membership. 

SECTION 4.—The number of Senior Members shall be unlimited. The 
candidate, to be eligible, must have been an Active Member of the Association 
for not less than ten years or, having been an active Member, have passed the 
age of sixty years, or become incapacitated by illness. 

section 5.*— Honorary Membership shall be reserved for such distinguished 
persons as may be deemed worthy of this honor by the Council with concurrence 
of the Association. 


•Amendment passed. 1948. 
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section 6 .* —The report of the Membership Committee shall be rendered at 
the annual Executive Session of the Association. Candidates shall be presented 
in groups in the following order: Candidates for Honorary Membership; retire¬ 
ment of Active Members to Senior Membership; candidates for Active Member¬ 
ship; candidates for Associate Membership. 

section 7.—The Council shall recommend that any member whose dues 
are in arrears for two years, or who has been absent, without sufficient excuse, 
from three t consecutive annual meetings, shall have his membership terminated. 

Article V. 

section 1.—The President of the Association shall perform all duties 
customarily pertaining to the office of President. He shall not only preside at 
all meetings of the Association, but also at all meetings of the Council. The 
President shall be elected from the Active Members of the Association. 

section 2.—The Vice-President of the Association shall perform all duties 
customarily pertaining to the office of the Vice-President, not only as to the 
Association, but also as to the Council. The Vice-President shall be elected from 
the Active Members of the Association. 

section 3.—The Secretary of the Association shall perform all duties 
customarily pertaining to the office of Secretary. He shall serve not only as 
Secretary of the Association but also as Secretary of the Council. The Secretary 
shall be elected from the Active Members of the Association. 

section 4.—The Treasurer of the Association shall perform all duties per¬ 
taining to the office of Treasurer. He shall not only serve as Treasurer of the 
Association but shall also serve as custodian of the Endowment Fund. The 
Treasurer shall be elected from the Active Members of the Association. 

section 5.i —The Editor of the Association shall be the Editor of the 
official Journal and shall, ex officio, be the Chairman of the Editorial Board. 
The Editor shall be elected from the Active or Senior Members of the Association. 

section 6.—The Councilors of the Association shall hold office as specified 
in the Constitution. They may be elected from either the Active Members or 
the Senior Members of the Association. 

section 7.—In the event of a vacancy occurring in the office of President, 
the Council shall advance the Vice-President to the Presidency and appoint a 
new Vice-President under the Provisions of Article V, Section 3, of the Con¬ 
stitution. 

Article VI. 

section 1.—The Nominating Committee shall consist of three Active or 
Senior Members elected in accordance with the provisions of Article VI, Section 
1, o i the Constitution. The Council shall instruct the Committee as to the vacan¬ 
cies which are to be filled by election. 

section 2.—The Membership Committee shall consist of five Active or Senior 
— el } . rs a PP°mted in accordance with the provisions of Article VI, Section 2, 

•Amendment passed, 194S. 

tAmended in 1846. 

tAs amended in April, 1950 . 
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of the Constitution. The Council may appoint not more than one of its own 
members to serve on this Committee. The duties of the Membership Committee 
are to investigate all candidates for membership in the Association and to report 
their findings as expeditiously as possible to the Council through the Secretary 
of the Association. This Committee is also charged with searching the literature 
of this and other countries to the end that proper candidates may he presented 
to the Association for consideration. Appointment to this Committee shall be 
for a period of one year, and not more than three of the members may be re¬ 
appointed to succeed themselves. This Committee is also charged with maintain¬ 
ing a record of membership attendance and participation in the scientific pro¬ 
grams and reporting to the affected members and to the Council any deviations 
from the requirement of Article II, Section 4, of these By-Laws * 

section 3.—The Auditing Committee shall consist of three Active or Senior 
Members appointed in accordance with the provisions of Article VI, Section 2, 
of the Constitution. None of these may be selected from the officers or councilors 
of the Association. Their duty shall be to audit the accounts of the Association 
at the end of each fiscal year and render their report to the Council of the 
Association through the Secretary. Appointments to this Committee shall be 
made for a one-year term. Not more than two members may be reappointed to 
succeed themselves. 

section 4.—The Program Committee shall consist of five members: The 
President of the Association, the Secretary of the Association, the Editor of the 
Association, and two members at large, one of whom shall be resident at or near 
the place of annual meeting. The duties of this Committee shall be to arrange, 
in conformity with instructions from the Council, the scientific program for 
the annual meeting. 

section 6.—The Editorial Board shall be appointed by the Editor, subject 
only to the approval of the Council. The Editor shall be, ex officio, the chair¬ 
man of this board and shall be privileged to appoint and idefinitely reappoint 
such members of the Association, regardless of class of membership, and such 
nonmembers of the Association as in his opinion may be best calculated to meet 
the editorial requirements of the Association. 

section 7.—When Scientific or Research Committees are authorized by the 
Association, the Council shall appoint the Chairmen of these Committees, with 
power to organize their committees in any way best calculated to accomplish the 
desired object, subject only to the approval of the Council. Financial aid 
rendered to such Committees shall not exceed such annual or special appropria¬ 
tions as may be specificially voted for such purposes by the Association as a 
whole. 

Article VII. 

section 1.—Honorary Members of the Association are exempt from all 
initiation fees, dues, and assessments. 

section 2.—Annual dues for Active Members shall be $25.00. 
section 3.—Annual dues for Associate Members shall be $20.00. 

^Amended by addition, 1 PIG. 
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section 4.®—Senior Members are exempt from dues. 

section 5.—: Initiation fee for those elected directly to Active Membership 
shall be $15.00. 

section 6. —Initiation fee for those elected to Associate Membership shall 
be $10.00. If and when an Associate Member is elected to Active Membership, 
he shall pay an additional $5.00 initiation fee. 

section T.f 

section S. —Income from the Endowment Fund shall he expended as the 
Council directs. 

section 9.—Associate and Active Members must subscribe to The Journal 
of Thoracic Surgery to retain their membership status. 

section lO.i —Senior Members may retain their membership status without 
the payment of annual dues and subscription to The Journal of Thoracic 
Surgery is optional. 

(Note.—Bills for membership dues and for subscriptions to The Journal 
of Thoracic Surgery will be mailed to members by the treasurer after 
the annual meeting.) 

Article VIII. 

section 1.—When the Association convenes for its annual meeting, it shall 
immediately go into executive session, but the business at this session shall be 
limited to : 

1. Election of Nominating Committee. 

2. Appointment of necessary committees. 

3. Miscellaneous business of an urgent nature. 

section 2.—The annual executive session of the Association shall be held 
at the opening of the afternoon session of the second day of the meeting. The 
order of business shall be : 

1. Heading of the minutes of the preceding meetings of the Association and 
Council. 

2. Report of the Treasurer for the last fiscal year. 

3. Report of the Auditing Committee. 

4. Report of the Treasurer for the current year to date.- 

5. Report of the Necrology Committee. 

6- Report of the Program Committee. 

i- Action on amendments to the Constitution and By-Laws. 

S. Action on recommendations emanating from the Council. 

9. L'lifinished Business. 

10. New Business. 

11. Report of the Membership Committee. 

12. Election of new members. 

13. Report of the Nominating Committee. 

_Election of officers. 

•Amendment passed in 1914 . 

tSection 7 deleted in 1950. 

tAmendment passed in 1911. 
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section 3. At the annual meeting of the Council the order of business 
shall be: 

1. Reading of minutes. 

2. Treasurer’s report. 

3. Appointment of committees. 

4. Determination of instructions to be given to Auditing, Membership, 
Necrology, and other committees except Program Committee. 

5. Determination of details in connection with the annual meeting. 

6. Appointment and instructions to the Program Committee. 

7. Unfinished Business. 

8. New Business. 

section 4. There shall be an annual meeting of the Council. 

Article X. 

section 1 .—These By-Laws shall in no wise be changed except by a two- 
thirds vote of the members present at the annual meeting or a properly convened 
meeting of the Association, and further provided that the proposed action or 
amendment shall have been moved and seconded by not less than three of the 
members in a properly convened annual or special meeting of the Association. 

section 2. — These By-Laws may be suspended in whole or in part for a 
period of not more than twelve hours by a unanimous vote of those present 
at any regularly convened meeting of the Association. 
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Original Communications 

MLXL'TE CAKCIXOMA OF THE 3L4JOR BRONCHI 
A Follow-up Report 

Arthur H. Acfses. M.D.. axd Harold Xeuhof, M.D. 

Nett York. X. Y. 

I X A paper read before the American Association for Thoracic Surgery on 
April 2$. 1947, tre eiied. in abstract, two unusual ease reports. 1 These con¬ 
cerned two patients in whom resectional therapy had been performed on the 
basis of a microscopic diagnosis of pulmonary carcinoma, made on examination 
of a specimen removed at bronchoscopy. A pneumonectomy had been performed 
on one patient; on the other, a middle lobe lobectomy. Xo carcinoma could be 
found in the surgical specimens, and. on postoperative bronchoseopic- examina¬ 
tion. there was no evidence of residual malignancy in die patient upon whom a 
lobectomy had been performed. As far as we were able to determine, these were 
the first such eases to be reported in the literature. 

The patient upon wltoin a pneumonectomy had been performed has re¬ 
mained well for a follow-up period of six years. The subsequent history of the 
second patient warrants a complete ease report. 


M. tV. , 51654" t was admitted to The Mount Sisal He.-f.iud on Peb. Id. cozz- 

fdnitiing of eoagh of two rears' duration. Cough was occasionally f aroxvsmul in :v; 
wf-ceiallv a; nigh;. There eras virtually no sputum. Roeatgenographie examination, per¬ 
forated on a number of occasions before admission, revealed a persistent shadow in tie re-^on 
• d tire right middle lobe. Bronehoseorde examination was performed. and a s'-eei-ea" re¬ 
moved from the right cuddle-lobe bronchus was reported a^ sqsamous-eell carcinoma ,Pj e . i 
On February CR. under cyclopropane-cther-intrstraclteal anesthesia, a thoracotorov 
formed through an anterior incision. Xumerous adhesions were found between'the'”-.C- 
middle and lower lobes, as well as medially oa the pericardium. and anterioriv and ’ate'rallv 
to the tlroracrc wall. The middle loVe was atelectatic: the upper and lower loti.- were 


Xo mass eould be felt either in the middle Jobe or at the "proximal end of the 
bronchus. Tie niitiole !ot*e was separated from ;he ur*p?r &r;«l "'os**- i -,i ^* c ^ 

Immediate examinatiun of the sts.vim.ea revealed no -"ea .si ... '- r e--e-..e.3. 

- • - ' e..^r_ce ut tumor. Therefore 


KtvciVt 


fc*r publication Jur.o tl, l$5l. 
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any neoplastic tisTu Ton "’ aS ™ S > too > did not co,ltain 

Because of doubt as to the advisahTr 7 1101 Up ° n Su bsequent microscopic examination, 
copist was summoned to ex a mi a e^S m °i-Tf 0m ! Ug **? fUrther resection, the bronchos- 
of carcinoma in the bronchial tree' 6 -J 0UC UaI tree immediately. He could find no evidence 
which was later reported as “iw" T r ®”° Ved a specimen from the middle lobe orifice, 
and a small area of cell af-vnis™ S °' roncWaI niucosa showing chronic inflammation 

Because of the absence of 6 ° f ^ epitheliam ' No evidence of tumor." 

(during operation), it was decide 7 t!l<3 surgical specimen and negative bronchoscopy 
the middle-lobe bronchus l r “° ‘° perf ° rm add itional resection. The stump of 
Postoperativ e ’ t! ‘ e th ° raX Cl0S6d With urt derw ate r drainage, 

cence was uneventful. ^ empyema deveIo Ped. T!lis was drained, following which convales- 

consisted of a' right midJJ ^ the surgical specimen was reported as follows: “The specimen 
a few fibrous adlesiZ l Pa ! 7 "****** f b >’ 8 by 2 cm. The pleural surface showed 
collapsed and bluish red in color 6 Tlmh’o^ r"™ 6 ‘V*® 8 Smooth ’ The parenchyma was 
pinkish white and not thickened ti f ^ U Were sh S htl y widened; the mucosa was pale 
received was a small nipee t c 16 pu monar y vessels showed no changes. Separately 

”■ »*»“" ssz “■ “* 

tion. No evidence of^mU^ fr ° m til( ' wg!lt middle lobe bronchus for microscopic examina- 
lobe sliowino- atelectasis' f aanc y cou be found. The final diagnosis was “right middle 
choscopic spfcimet uZ “u “ d peri -scular fibrosis.- The original bron- 

was reviewed by a number oT-n th l iagn ° S1S of sc l ua mous-cell carcinoma had been made, 
einoma (Fig. 1) P a o ogrsts, all of whom concurred in the diagnosis of cav- 

and on April 10 another^rp^ 111 ^ p<!rforme d to ap] in obliteration of the empyema space, 
in the right main afd fow^tr°r 6 f aminatioa "' as Performed. There was thick secretion 
lobe orifice showed a he 1 d f’e br0nchl - There was no recurrent flow. The right middle- 
bronchus had smooth walls 6 * 3 T ^ I<5Wer tip ’ The stum P of the right middle-lobe 

“fragments of bronchial ^ specimen removed from this area revealed 

isolated irregular cells. No evidence^fTmow- 31 ' 103330 SquamousceI1 epithelium and a few 

several years. His cough pwsf^ed^b^was ^T' 1 remained under observation for 
Roentgenographic examination of the chest showed Ganges. * ^ ^ Pri ° r t0 ° perati ° n ' 

On Feb. 10, 1949, he was admitted to the Presbvtprin rr •* i 
anorexia, and a weight loss of 30 pounds He stabS fW ' com P lainin g of cougl1 ’ 

and had become progressively worse. At times the d ^ C ° Ugh had begUn “ 1917 

with vomiting of blood. He also stated that he hod i?T * T® parox - ysmal and associated 
admission. ad a Pleurisy eighteen months before 

Physical examination revealed the signs of rhm ■ ■„ 

diminislied breath sounds over the right lower lobe , ss - There were dullness and 

limits; the sputum was negative for tubercle bacilli on tl • ^ Jlemogram was within normal 
examination of the chest showed a 4 by 3 hv 4 cm *7 exanun ations. Roentgenographic 

„ , _ y ny 4 cm. mass at the ri ght hu 

Bronchoscopy performed on February 21 was r mm -t 0 u 
carina there was marked thickening of the mucous u ‘ S oIows: “Just below the 
the right main bronchus. .The thickening caused somp 111216 & ” d su P er ficial ulceration of 
lesion did not appear to be a tumor in that there was no • 7° broncbus ‘ T,ie 

removed for biopsy revealed carcinoma. Exploratory ti X& 10 f ° r n ^* dit y-“ A specimen 

patient left the hospital on March 4. - X thoracotomy was advised, but the 

He did not return until July 19, when he was readmitted. At H r 
condition was unchanged. Bronchoscopie examination reve-iL./i *i * 'f, * me ,us S enerai 

u n,at the carcinoma was 
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thickened, irregular, and ulcerated. Tire same process was present in tire trachea, opposite 
to, and above. the Carina, extending from the previously described lesion in the right mam 

bronchus. 

The carcinoma now was inoperable, and radiation therapy was administered from July 
23 to August 17. In December, 1949, roentgenographic examination showed an increase in 
the size of the mass at the right liilum. 

He was again admitted to the Presbyterian Hospital on Feb. 16, 1950, with metastases 
to the cervical and axillary lymph nodes and questionable metastases to the cervical vertebrae. 
The alkaline phosphatase was S.S. He was discharged on March 25, and testosterone was 
prescribed. 

This patient was next seen at Montefiore Hospital, where lie was admitted on Sept. 17, 
1950, in a preterininal condition. He rapidly deteriorated and died on September 27. 



R'S. 1 -—Photomicrograph of the specimen removed at the first bronchoscopy upon which the 

diagnosis of carcinoma was made. 


Post-mortem examination revealed the following: anaplastic bronchogenic carcinoma 
of the right lung with extension to the trachea; metastases to heart, pancreas, liver, adrenals, 
kidneys, skeleton, lymph nodes of peribronchial, left axillary, and periaortic chains; focal 
pneumonia and focal fibrosis of the lungs. The lung was described as follows; “The distal 
one inch of the trachea presented a thickened granular mucosa which was markedly firm in 
consistency and slightly congested in areas. This granulation and thickening extended down 
mto the right main-stem bronchus. The bronchi of the right lung could not be traced further 
than this point except for several in the lower lobe. The right middle-lobe bronchus was 
healed by a scar. A tumor mass occupied the lung around the hilum.” 

The occurrence of “minute” carcinoma of the lung has been described bv 
I eiersen. Hunter, and Sneedend Their specimens were in the parenchvma of 
the lung, but they believed that they arose from bronchial elements. “Minute” 
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carcinoma of the main bronchi have not been described, but it is evident that 
they may be present at some time in the development of a carcinoma. 

Papanicolaou and Kropowska 3 have reported a carcinoma in situ of the 
right lower bronchus. Although four specimens of sputum and six bronchial 
washing's were positive for carcinoma cells, bronchoscopy was negative. The 
patient died from emphysema, anoxemia, and lobar pneumonia. Gross examina¬ 
tion of the lungs revealed no evidence of malignancy. On careful examination 
with many serial sections of the bronchial tree, a minute epidermoid carcinoma 
in situ was found in the bronchus of the right lower lobe. 

Despite the definite bronchoscopic diagnosis of malignancy made in both of 
our cases, we originally reported them with some hesitancy because of the in¬ 
ability to substantiate the diagnosis by the finding of the carcinoma in the re¬ 
sected specimens. In the patient upon whom lobectomy was performed, there 
was the possibility that the actual site of the tumor had not been removed. 
Postoperative bronchoscopic examination, with removal of a specimen from the 
stump of the middle-lobe bronchus, still failed to reveal any evidence of malig¬ 
nancy. The subsequent course of this patient, with development of a carcinoma 
a number of years later, apparently proves the correctness of the original diag¬ 
nosis. The tumor was undoubtedly one of slow growth and, as is so often seen 
in pulmonary malignancy, did not cause symptoms until the later stages. It 
is most likely that if a pneumonectomy had been performed instead of a lobec¬ 
tomy the patient would have been cured of a pulmonary carcinoma, as was the 
other patient, who has remained well for six years. 

The thoracic surgeon must rely completely upon the pathologist s diagnosis 
made on the microscopic examination of specimens removed during bronchos¬ 
copy. It has been our experience that when, prior to surgery, a definite diag¬ 
nosis of malignancy is made on examination of a specimen removed during 
bronchoscopy, it lias invariably been substantiated (except in the cases cited) 
by later examination of the surgical specimen. On occasions, the pathologist is 
not able to make a definite diagnosis, and then additional bronchoscopy or ex¬ 
ploratory thoracotomy is indicated. In both of our patients, the diagnosis of 
malignancy was a definite one and concurred in by every pathologist who ex¬ 
amined the slides. 


SUMMARY AND CONCLUSIONS 

A follow-up report of two cases previously cited is presented. 

Bronchoscopic specimens in both eases were reported as carcinoma. One 
patient had a pneumonectomy, and has remained well for six years (no car¬ 
cinoma could be found in the resected lung). At operation on the second pn- 
tient, no gross tumor was found, and bronchoscopy during the operation revealed 
no evidence of disease. Therefore only a lobectomy was performed. Subsequent 
bronchoscopy was also negative. Five years later, clinical symptoms appeared, 
and bronchoscopy revealed a carcinoma of the main bronchus of the lung pre¬ 
viously operated upon. The patient died six and one-half years after the 
original diagnosis had been made. 
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It' the pathologist makes an unequivocal diagnosis of malignancy upon ex¬ 
amination of a specimen removed from a major bronchus, the surgeon should 
perform a pneumonectomy even though no gross evidence of malignancy is 
found at operation. 

We wish to thank Dr. William Stearns for permission to use the reeortls of the Presby¬ 
terian Hospital, anil Dr. Harry M. Zimmerman for the use of the post-mortem records of 
Montefiore Hospital. 
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MINUTE PERIPHERAL PULMONARY TUMORS 
A Study of Eight Casks 

John T. Prior, M.D., and David B. Jones, M.D. 

Syracuse, N. Y. 

T HE discovery of clinically unsuspected pulmonary neoplastic disease in 
routine autopsy and surgical material is a very infrequent occurrence. 
This may be partially explained by the fact that the parenchymatous tissue of 
the lung does not lend itself readily to visual examination, with the result that 
the pathologist is forced to depend largely on palpation for the identification of 
diseased areas. Furthermore, despite the large volume of the organ, relative!} 
few blocks often taken in haphazard fashion are usually removed for microscopic 
study. These limitations associated with the gross examination do not wholly 
account for the discovery ol: the tumors to be described below, since they all 
represented accidental microscopic findings and were undoubtedly too minute 
in size to be perceived with the naked eye. 

We have collected eight of these pulmonary neoplasms, all identical in then 
microscopic appearance, and all representing incidental findings in our autops} 
and surgical specimens. It is felt that the reporting of these cases will be 0 
value, not only because of the small number of recorded instances of siinihn 
atypical cellular proliferation (Table I), but chiefly because our investigations 
have convinced us of their relatively benign character. This latter view fiats 
support in a study by Womack and Graham, 1 but is in complete disagreement 
with the majority of those who have described similar epithelial overgrowths. 


MATERIA I, 

Six of our eight cases were incidental observations at autopsy of persons 
dying from a variety of causes, while the remaining two were from surgica 
specimens removed because of long-standing severe bronchiectasis (Table Ill- 
All tissue was fixed in 10 per cent formalin, and in addition to the usual 
hematoxylin and eosin stain, the sections containing tumor were stained with 
the following methods: Weigert van Gieson, Wilder's reticulum, McManus 
periodic acid Scliiff, and Lison’s argentaffine techniques. Several of the blocks 
were serially sectioned in an attempt to trace the origin of the tumor and to 
gain some idea of its relative size. These sections were cut at a thickness of b 
microns, and as many as 225 sections were obtained from a single block. 


REPORT OF CASES 


Case 1.—L. A. (A44-242), an 81-year-old woman, wlio was a known cardiac with a 
history of bronchiectasis of several years’ duration, expired from bronchopneumonia after a 
four-day illness. The chief findings at autopsy were bilateral bronchopneumonia, bron¬ 
chiectasis, fibrosis and emphysema. 
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Table I. Previously Recorded Minute Pulmonary Neoplasms 


DATE 

AUTHOR ( 

age 

YR.) 

SEX 

CAUSE OP DEATH 

1921 j 

1930 

Gray and 1 
Cordonnier 
Karsner and j 
Saphir | 

7S 

F 

Fracture of femur 

1941 

Womack and 
Graham 

34 

M 

Congenital cystic dis¬ 
ease 

1941 

Womack and 
Graham 

4S 

M 

1941 

Womack and 
Graham 

39 

M 

Congenital cystic dis¬ 
ease 

1943 

Stewart and 
Allison 

32 

F 

Alive and well 

1949 

Petersen et 
al. 

<39 

F 

- 

Carcinoma of cecum 

1949 

Petersen et 
al. 

54 

M 

Hypertensive cardio¬ 
vascular disease 

1949 

Petersen et 
j al. 

74 

F 

Bilateral pyonephrosis 

1949 

Petersen et 
al. 

52 

F 

Generalized peritonitis 

1949 

Petersen et 
al. 

70 

F 

Bronchopneumonia 
Purulent bronchiecta¬ 
sis 

1951 

Spain and 
Parsonnet 

95 

F 

Encephalomalacia 

1 


GROSS PULMONARY 
DISEASE 


location of 

TUMOR 


Bronchiectasis 

Bronchopneumonia 
Purulent bronchitis 
Bronchiectasis 
Bronchopneumonia 

Acute bronchitis 
Atelectasis 
Bronchopneumonia 
Atelectasis 
Bronchiectasis 
Bronchopneumonia 
Purulent bronchiectasis 

Bilateral subapical 
fibrosis 

Diffuse emphysema 
Enlarged hilar nodes 


Left lung 

Left lung 

Right lower 
lobe 

Left lower 
lobe 

Left upper 
lobe 


Both lower 
lobes 

Right upper 
lobe 

Hilar node 


Table H. Authors ’ Series Minute Pulmonary Neoplasms 


CASE 

NUMBER 

j AGE 

SEX 

CAUSE OF DEATH 

GROSS PULMONARY DISEASE 

LOCATION OF 
TUMOR 

i 

i si | 

i i 
; 1 

F | 

! 

Bronchopneumonia 

Bronchopneumonia 

Bronchiectasis 

Fibrosis 

Emphvsema 



1 iS | 

F I 

Rheumatic heart disease 

Bronchopneumonia 


3 

! 47 i 

1 ! 

Acute hemorrhagic pan- 
1 creatitis 

Lower lobe atelectasis 

One lower lobe 

4 

! 64 

i 

l 

F 

| Carcinoma of the cervix 

Fibrosis, left apex 
Emphysema 

Left upper lobe 

5 

; os 

F 

Cerebral thrombosis 

Bronchiectasis 

Thickened visceral pleura 


6 

43 

M 

Alive and well 

Bronchiectasis 

Right lower lobe 

S 

, 30 

F 

Alive and well 

Bronchiectasis 

Left lingual lobe 

j < 0-f 

F 

| Heart failure 
\ Arteriosclerotic heart dis- 
j ease 

Bronchopneumonia 

Left lower lobe 


Case 2.—M. S. (A4S-125), a 4S-year-old woman with a four-year history of cardiac 
failure on a rheumatic basis, died following an embolism to the left lower extremity. At 
autopsy the principal findings were severe mitral stenosis, chronic pericarditis, recent splenic 
infarction and an arterial embolus in the left lower extremity. Examination of the lungs 
revealed bilateral bronchopneumonia. 

Case 3.— II. C. (A4S-297), a 47-vear-old woman with a history of gall bladder disease 
was admitted to the hospital with a history of abdominal pain'of four days’ duration 
.xploratory laparotomy disclosed an acute hemorrhagic pancreatitis, and the patient expired 
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a few hours after the surgery. Signiticant autopsy findings were a generalized peritonitis 
with fat necrosis, acute hemorrhagic pancreatitis, and an early lower nephron nephrosis. 
Slight bilateral lower lobe atelectasis was noted in the lungs. 

Case 4. —H. V. (A49-43), a 64-year-old woman, died as a result of advanced carcinoma 
of the cervix of two years ’ duration. At autopsy the chief findings were carcinoma of the 
cervix with extension to the bladder, rectum, ureters, and pelvic nodes. An acute bilateral 
pyelonephritis, and a terminal endocarditis of the mitral valve were present. Gross exami¬ 
nation of the lungs revealed some emphysema and fibrosis in the left apical region. 

Case 5.—C. K. (C. I. H. A51-S), a 6S-year-old woman, was admitted to the hospital for 
nursing care following a cerebrovascular accident five weeks previously. During her hospital 
stay she became incontinent, developed cystitis, pyelonephritis, and died in uremia. In 
addition to the urinary pathology, a large focus of encephalomalacia was noted at autopsy 
in the left cerebral hemisphere. Some bronchiectasis and thickening of the right visceral 
pleura were also described. 



Fig-. 1.—Case 7. Low-power view of the largest observed single area of tumor. N 
the tendency of the cell nests to lie in spaces. Hypertrophied muscle bundles can tie s 
in the upper right corner. (X 112 .) 


Case G.—-C. S. (50-1S80), a 43-year-old man, underwent a right lower lobectomy f°J 
severe bronchiectasis of seven years ’ duration. Gross examination of the resected lobe revealei 
a fusiform dilatation of the larger radicles of the bronchial system while the smaller branches 
were distended to form blind-end cysts. The patient had an uneventful convalescence and is 
alive and well at the present time (one year and a Half after surgery). 


Case 7.—M. P. (50-2489), a 30-year-old woman, underwent a left pneumonectomy f° r 
bronchiectasis of two years’ duration. Grossly the lower lobe and lingual bronchi and 
bronchioles were characterized by diffuse fusiform dilatations. A solitary 1 cm. calcified focus 
was noted at the apical portion of the lower lobe. The patient had an uneventful recovery 
and is alive and well at present (one year after surgery). 


Case S.—M. S. (A51-S1), a 70-year-old woman suffering from chronic congestive heart 
failure on an arteriosclerotic basis, was admitted to the hospital with a diagnosis of pulmonary 
infarction. The patient expired a few minutes following arrival, and at autopsy the significant 
findings were myocardial hypertrophy and fibrosis with severe sclerosis of the coronary 
•irteries Gross examination of the lungs disclosed bilateral lobular pneumonia and slight 
pulmonary edema. Bilateral chronic pleuritis was described. 
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PATHOLOGIC FEATURES 

The tumor foci were readily apparent under low-power magnification, and 
were peripherally and usually subpleurally located. As will be noted in Table 
II, it was possible to further localize the tumor in only four eases, but it would 
appear that either lung and any lobe may be affected. The characteristic and 
constant microscopic pattern of these tumors consisted of sharply circumscribed 
epithelial nests enmeshed In a dense fibromuscular stroma (Fig. 1). These 



lion — G S?, e 7 - . N p, st tumor cells within a clear space showing points of Denetra- 
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particularly 


Fitf, 

mixture of 
< X60U,) 




22S 


THE JOURNAL OF THORACIC SURGERY 


tumor nests varied somewhat in size, with 100 microns in diameter being an 
average size, and 250 microns the upper limit. A clear space separated the 
tumor nests from their surrounding stroma (Fig. 2), and most observers have 
regarded these spaces as lymphatic channels—a fact largely responsible for the 
impression that these neoplasms are malignant in nature. The individual cells 
composing the nests were characterized by prominent vesicular nuclei which were 
both spindle and round in shape (Fig. 3). Nucleoli were not discernible, and 
at no time were mitoses noted in any of the cells, including those tumors which 
were serially studied. The cytoplasm of the tumor cells was sparse, faintly 
acidophilic, and indefinite in outline. Blood capillaries and a small amount of 
collagen and reticulin fibers could be identified within many of the nests with 
the use of appropriate stains. The point of attachment of these connective 



Fig. 4.—Case 6. “Sun-ray” appearance produced by shrinkage of the tumor nest away £ rolV 
its adjacent connective tissue. (X500.) 

tissue stalks to the marginal stroma was sometimes noted (Pig*. 2). It is om 
belief that these pseudolymphatie spaces are artificial in nature produced bj 
shrinkage during the processes of fixation and embedding. This conclusion is 
supported not only by the demonstration of the vascular stalks and cores, but 
also by the fact that we frequently noted a definite ‘ ‘ sun-ray ’ appearance at 
the nests’ peripheries due to loss of cohesion between the outer cells and the 
adjacent connective tissue (Fig. 4). A second histologic pattern, observed in 
four of our cases, was an intrabronchiolar polypoid type of growth (Fig. 5). 
The cells comprising these masses were subepithelial in location, and eytologically 
identical with those described above within the fibroinuseular stroma. The 
broncliiolar epithelium was continuous over these masses, but tended to undergo 
a transition to a flattened spindle-shaped type of cell (Fig. 6). In the study 
of serial sections we failed to find unquestionable evidence that these intrabron- 
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ehiolar lesions arose from the covering epithelium, i.e., at no point was the 
covering epithelium composed of these tumor cells. Direct cellular continuity 
between these masses and the near-by stromal tumor nests could not he demon¬ 
strated. 

In a consideration of the coexisting pulmonary pathology the cases will be 
divided into two general groups-, those with bronchiectasis and those without 



cases. < x 260. > 
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it. The four bronchiectatic cases in the present series had the usual dilation 
of the bronchial system with acute and chronic inflammation in and about their 
walls. The bronchial lumens contained inspissated mucus, and the mucous 
membrane was intact and only rarely showed evidence of squamous metaplasia. 
The smooth muscle coat, although extensively infiltrated with lymphocytes and 
eosinophiles, was well preserved. The near-by bronchioles, some of which con¬ 
tained tumor and some with tumor immediately adjacent, were incorporated in 
a sclerosing fibrous tissue growth in which hypertrophied muscle bundles were 
frequently prominent (Fig. 2). This latter observation suggests-that, in some 
of the cases at least, the tumor nests may be located at the sites of obliterated 
bronchioles. Where alveoli could still be recognized, marked atelectasis and 
occasional emphysematous foci were present. Chronic inflammatory cells were 
not always observed in these scarred areas. Tumor was noted in the fibrous 
tissue surrounding an intense deposition of anthracotic pigment in one case. 
The medium-sized arteries were the site of rather marked intimal fibrous tissue 
proliferation. It Avas possible to localize the tumors in only two of the four 
cases. The tumor foci were located in the right lower lobe in Case 6, and in the 
left lingual and lower lobes of Case 7. 

The four cases showing no gross or microscopic evidence of bronchiectasis 
will be individually considered. Case 2, a cardiac patient, disclosed a broncho¬ 
pneumonia of recent origin at autopsy. This case is of interest in that the one 
section in which tumor was recognized was a subpleural atelectatic focus at 
some distance from the pneumonic process. This solitary neoplastic area was 
surrounded by fibrous tissue and scattered areas of emphysema were observed. 
Obliterative endarteritis was also noted throughout the atelectatic zone. Case 
3, dying as a result of acute hemorrhagic pancreatitis, showed some slight, 
apparently agonal lower lobe atelectasis at autopsy. This case is unusual be¬ 
cause the lone nest of tumor cells was located in a very small perivascular scar 
in a lung essentially free from evidence of other disease. Furthermore, this 
solitary tumor focus was situated at a considerable distance from either bronchi 
or bronchioles and was immediately adjacent to the thickened pleural surface. 
Case 4, who died from the complications of carcinoma of the cervix, disclosed 
a small fibrotic area with some calcification at the apex of the left lung. Directly 
beneath this probable focus of tuberculosis, multiple tumor nests in a dense 
connective tissue stroma, and occasional intrabronchiolar masses were noted. 
Some atelectasis, emphysema, and deposition of anthracotic pigment was located 
near by. Case S, dying in congestive heart failure, showed bilateral broncho¬ 
pneumonia at autopsy. The one section in which tumor was accidentally dis¬ 
covered showed several intrabronchiolar polypoid lesions and one fibrotic zone 
with multiple discrete tumor acini. Tiiis area was not adjacent to the pneu¬ 
monic process, and its relation to the pleura could not be determined. 

Although it was not possible by means of the serial section technique to 
trace any direct continuity between the intrabronchiolar tumor and that noted 
within the scarred foci, this method of study did afford some idea of the rela¬ 
tive size of these tumors. Blocks were selected which contained the largest 
areas of tumor, and were sectioned according to the method described above. 
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Since the neoplastic foci when so studied were consistently over 0.1 cm. in 
length from the site where the sectioning was begun, it is reasonable to assume 
that there was at least a similar amount of tumor proximal to the point 'wheie 
the growth was originally identified. The results of this investigation indicate 
that the tumor may measure somewhat over 0.2 cm. in at least one plane. 


DISCUSSION 

In discussing the etiologic agents which may be concerned with the pro¬ 
duction of primary lung carcinoma, Weller 7 mentioned the possible role of 
chronic inflammatory conditions which are accompanied by metaplasia and ex¬ 
cessive regeneration. He stated that such conditions as bronchiectasis and 
chronic fibroid pneumonia might be predisposing factors, but that influenza, 
which some considered a causal agent, was of significance only by virtue of the 
chronic inflammation associated with its sequence. Wolbach and Frothingham,® 
in their report of the fatal eases in the influenzal epidemic at Camp Devens in 
1918, noted evidence of repair of the bronchitis and peribronchitis as early as 
twelve or thirteen days after the onset of the disease. The small bronchioles 
had a fresh epithelium covering the underlying new connective tissue and the 
bronchioles appeared permanently enlarged. The authors’ photomicrographs 
showing excessive regeneration of the epithelium in atelectatic alveoli which 
were undergoing repair in no way resemble the process noted in our eight 
eases. Pulmonary epithelial proliferation has been experimentally produced by 
Winternitz and associates 0 using intrabronchial insufflation of dilute hydro¬ 
chloric acid. Overproduction of the epithelium occurred with the formation 
of polypi within the bronchioles, and extension of the epithelium into the sur¬ 
rounding tissue was described. Regenerating cells were identified by their size, 
cytoplasmic homogeneity, variation in nuclear density, aud by the frequency 
ot mitotic figures. The photomicrographs of these pathologic processes show 
no similarity to the changes we have described and the pictures of “extra 
broncliiolar invasion” are not convincing. In this connection it may lie per¬ 
tinent to mention an unusual case of chronic pneumonitis in an elderly woman 
which we recently encountered in our autopsy material. Microscopically, the 
pulmonary tissue showed extensive squamous metaplasia within the bronchioles 
and multicentric areas of invasion of surrounding alveolar spaces with epithe¬ 
lial atypism. Whether this case represents true metaplasia or early multicentric 
squamous carcinoma is not entirely clear, but it fails to show any histologic 
icsemblance to the twenty cases of minute pulmonary neoplasm herein reviewed. 

Hie frequency with which bronchiectasis has been noted as a concomitant 
Pathologic finding is of considerable interest. This condition was present in four 
' mr cases » hi three of the five instances reported by Petersen and co-workers, r - 
am m the single cases of Stewart and Allison, 4 and of Karsner and Saphir! 3 
<]•?.' T'“- 0l ’ e ' Womaek all<1 Graham 1 admit that the series of nine cases of cystic 
; erase of the l ung j n which three "epithelial overgrowths” were present may 
l ‘ onsltl ered by some actually to he bronchiectasis. They classified their eases 
-rr 1 ? 1 c- >'stic disease because they felt there was evidence of develop- 
a ma formation of thg lungs. These three cases would raise the incidence 



232 


THE JOURNAL OF THORACIC SURGERY 


of bronchiectasis to fourteen of a total of twenty recorded cases. Because of 
this association, we reviewed a large number of our autopsy and surgical speci¬ 
mens in an attempt to find additional examples of this unusual tumor, but none 
were found. Furthermore, Watts and McDonald, 10 in a thorough study of the 
pulmonary alveolar lining of fifty human lungs removed for bronchiectasis, did 
not encounter epithelial proliferation of the variety described herein. Although 
the relationship of bronchiectasis to these tumors is at present obscure, if this 
condition is a factor in the pathogenesis of these tumors, certainly one should 
expect a rising incidence of this neoplasm in view of the increasing number of 
cases coming to surgery. 

The most important single consideration relative to these tumors is whether 
or not they represent a malignant growth. The pathologist's interpretation 
may afford a very serious prognosis in individuals of a young age group as in 
Cases 6 and 7 of the present series, both being originally reported as “inci¬ 
dental” oat-cell carcinomas. As we have stated above, our studies have con¬ 
vinced us of the relative benignaney of this neoplasm—a viewpoint not in ac¬ 
cord with most other observers. To evaluate these tumors in relation to bron¬ 
chogenic carcinoma a series of thirty-nine autopsied cases of bronchogenic car¬ 
cinoma were studied as a small control group. It was felt that were these 
minute lesions incipient bronchogenic carcinomas, they should follow the same 
trends as to age and sex distribution, location, microscopic appearance, and 
metastatic tendencies. The following is a brief summary of this survey. 

AGE 

The average age of 57 years for the minute tumor group corresponded 
exactly with that of the bronchogenic carcinoma group. The occurrence of 20 
per cent of the cases of the minute lesions below the age of 40 years is perhaps 
a little unusual for bronchogenic carcinoma of the usual type, but one cannot 
deny that incipient carcinoma might be present for some years before clinically 
recognized tumor results. 

SEX 

Fourteen of the nineteen (70 per cent) minute tumors where the sex data 
were available were females. This figure contrasts sharply with a 13 per cent 
female incidence in the bronchogenic carcinoma series. This finding casts grave 
doubts on the assumption that these tumors are bronchogenic carcinoma even 
in the early stage. 

LOCATION 

The minute lesions were consistently found in the extreme periphery of the 
lungs, and were apparently related to bronchioles. In contrast, the broncho- 
o-enic carcinomas, with the exception of adenocarcinomas which are frequently 
peripheral, were primarily related to large bronchi and were situated at or 
near the hilar region of the lungs. 

MICROSCOPIC FEATURES 

The minute tumors in our eight, cases were characterized by relative regu¬ 
larity of the nuclei and lack of mitotic figures. Definite origin from broil- 
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chiolar epithelium could not be demonstrated. The microscopic features of 
manifest bronchogenic carcinoma must be separated according to cell types. 
Squamous carcinoma need not be considered since there is no histologic ie- 
semblanee between these two lesions. Adenocarcinomas nun likewise be dis¬ 
carded on this basis although their peripheral location suggests some similarity. 
Histologically, the so-called oat-cell, undifferentiated, or spindle-cell carcinoma 
of the lung most closely resembles these minute tumors. Study of the oat-cell 
carcinomas reveals a larger cell characterized by frequent mitoses, hyper- 
chromatic nuclei with clumping of the chromatin, and nuclear necrobiotic and 
pyknotic changes (Fig. 7). 



'• Oat-cell carcinoma for comparison with Fig. 3. The large cells show considerable 
pleomorphisni. mitotic activity, and necrotic foci. (X650.) 


META STAGES 


metastatic tumor was found in one of the twenty cases of these minute 
tumors. Since in only two of our eight cases were the lymph nodes studied, 
these negative findings do little to clarify the ability of these minute tumors to 
metastasize. 


From the onset of this study we have been impressed by the striking re¬ 
semblance of these minute neoplasms to the carcinoid type of intestinal tumor 
^ ' 1 ’ids analogy becomes increasingly attractive by reason of the fact 

'ut the carcinoid pattern is not only the most frequently encountered variety 
*’> nonehial adenoma, but also is considered to manifest the lowest degree of 
11 asutness. 1 Common features to both the carcinoid tumors and the minute 
cells !“? ile,Ciu lel)oned are sharply circumscribed nests of uniform epithelial 
;ahr -' K evide,1( ‘ e ot ,u ‘ tose - s - ""clear hyperchromatism, and necrobiosis. In 
UU>11 Pscudolymphatic spaces and capillary stalks within the cell nc.st.s 
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are frequently noted in carcinoid tumors elsewhere. Certain clinical charac¬ 
teristics of these minute pulmonary tumors such as their overwhelming pre¬ 
ponderance of women (fourteen of the nineteen eases where these data are 
available) are much more suggestive of bronchial adenoma than bronchogenic 
carcinoma. The presence of several nests of tumor cells in a hilar node of one 
case does not invalidate the analogy since the extremely low grade of malig¬ 
nancy of the bronchial adenoma is w T ell recognized. The argyrophile reaction 
was used on the two largest of these minute tumors with negative results, but 
it must be pointed out that true bronchial adenomas of the carcinoid type are 
rarely argyrophilic. 12 While we cannot state that these small peripheral tumors 



Fig-. 8.—Intestinal carcinoid demonstrating the tendency of the cell nests to occur within 
spaces similar to tne tumors herein reported. (X165.) 

are identical with the large bronchial adenomas, we feel that their similarity m 
histologic pattern and in behavior to the carcinoid variety of adenoma is too 
great to be ignored (Fig. 9). 

Since both the medical literature and the material in our files fail to indi¬ 
cate that one finds large tumors in the peripheral pulmonary fields corresponding 
in incidence, sex distribution, location, and cytologic structure to these minute 
tumors, one must assume that these relatively benign tumors remain small over 
a long period of time. Follow-up studies are largely precluded because the 
majority of the twenty reported cases have been incidental autopsy findings. 
Stewart and Allison 4 described a focus of tumor, identical in structure with 
those in our series, in a 32-year-old woman who underwent a lobectomy fo 1 ' 
bronchiectasis of long duration. The tumor which was accidentally discovered 
upon microscopic examination of the surgical specimen measured 0.1 cm. by 
0.04 cm., and was located 0.5 cm. from the lateral surface of the lung. The 
authors considered this tumor to be an oat-cell carcinoma but were impressed 
by its close resemblance in many ways to basal cell carcinoma as seen in the 
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skin. In iv recent communication Stewart 1,1 has intormed us that tliis patient 
is well at present and free from any evidence o! metastasis, now over nine years 
since the date of surgery. An attempt is being made at present to secure 
follow-up data on the three eases occurring in young individuals reported by 
Womack and (iraham. 11 Cases (i and 7 of our series who underwent pneumonec¬ 
tomy and lobectomy, respectively, for bronchiectasis, are now alive and well 
although it is slightly over one year in each instance since the time of surgery. 



***». 9.—Large bronchial adenoma of the carcinoid typo showing local InvasIvoncMH and a 
cellular pattern similar to the minute neoplasms heroin described. (X170.) 


Sl’MMAKY 

Eight new cases of an unusual type of minute pulmonary neoplasm have 
been analyzed in respect to their clinical and pathological features. Evidence 
is presented to show that these tumors arc relatively benign in nature, resem¬ 
bling most closely the pattern seen in the carcinoid type of bronchial adenoma. 
In addition to their histologic structure, other common features of these tumors 
"ere their minute size, accidental microscopic, discovery, subplcural location, 
and overwhelming predilection for females. The concomitant occurrence of 
bronchiectasis in the majority of the recorded cases suggests that this condition 
may he a factor in the pathogenesis of this atypical type of epithelial cell pro¬ 
liferation. 

t rilc ““tliors wish to express their appreciation to Dr. Walter F. Bugden for permission 
o report Cases G and 7 of this series, and also to Mr. Louis Giorginmm of the Department 
lotogruphy for the illustrative material herein reproduced. 
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are frequently noted in carcinoid tumors elsewhere. Certain clinical charac¬ 
teristics of these minute pulmonary tumors such as their overwhelming pre¬ 
ponderance of women (fourteen of the nineteen cases where these data are 
available) are much more suggestive of bronchial adenoma than bronchogenic 
carcinoma. The presence of several nests of tumor cells in a hilar node of one 
case does not invalidate the analogy since the extremely low grade of malig¬ 
nancy of the bronchial adenoma is well recognized. The argyrophile reaction 
was used on the two largest of these minute tumors with negative results, but 
it must be pointed out that true bronchial adenomas of the carcinoid type are 
rarely argyrophilic. 12 While we cannot state that these small peripheral tumors 



Pig. 8.—Intestinal carcinoid demonstrating the tendency of the cell nests to occur witlun 
spaces similar to tne tumors herein reported. (X165.) 

are identical with the large bronchial adenomas, we feel that their similarity m 
histologic pattern and in behavior to the carcinoid variety of adenoma is too 
great to be ignored (Fig. 9). 

Since both the medical literature and the material in our files fail to indi¬ 
cate that one finds large tumors in the peripheral pulmonary fields corresponding 
in incidence, sex distribution, location, and cytologic structure to these minute 
tumors, one must assume that these relatively benign tumors remain small over 
a long period of time. Follow-up studies are largely precluded because the 
majority of the twenty reported cases have been incidental autopsy findings. 
Stewart and Allison 4 described a focus of tumor, identical in structure with 
those in our series, in a 32-year-old woman who underwent a lobectomy for 
bronchiectasis of long duration. The tumor which was accidentally discovered 
upon microscopic examination of the surgical specimen measured 0.1 cm. by 
0 04 cm. and was located 0.5 cm. from the lateral surface of the lung. The 
authors considered this tumor to be an oat-cell carcinoma but were impressed 
b t its close resemblance in many ways to basal cell carcinoma as seen in the 



9 .— Larpe bronchial adenoma of the carcinoid type showing local invasiveness and a 
cellular pattern similar to the minute neoplasms herein described. (Xl<0.) 


SUMMARY 

Eight new eases of an unusual type of minute pulmonary neoplasm have 
teen analyzed in respect to their clinical and pathological features. Evidence 
is presented to show that these tumors are relatively benign in nature, resem¬ 
bling most closely the pattern seen in the carcinoid type of bronchial adenoma. 
In addition to their histologic structure, other common features of these tumors 
were their minute size, accidental microscopic discovery, subpleural location, 
and overwhelming predilection for females. The concomitant occurrence of 
bronchiectasis in the majority of the recorded cases suggests that this condition 
ra ay be a factor in the pathogenesis of this atypical tvpe of epithelial cell pro¬ 
liferation. 

to r *' lle aut ' lors "I s ' 1 to express their appreciation to Dr. Walter F. Bugden for permission 
of ^ ases ® 7 of this series, and also to Hr. Louis Giorgianna of the Department 
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TRANSPLEURAL BKONCTIOTOMY 

Alfred Goldman, M.D. 

Los Angeles, Calif. 

T RANSPLEURAL bronehotomy is the operation of incising or resecting 
portions of the bronchial walls after making that surgical approach usually 
used for lobectomy, pneumonectomy, or exploratory thoracotomy. 1 he ap¬ 
proach to the pulmonary hilum may be posterolateral,or anterolateral. 4 ' J 
In certain instances the purpose of the operation is to remove by local excision, 
benign, potentially, or semimalignant bronchial tumors usually of a polypoid 
nature. 1 ' r '- * In other cases it may be utilized as a hronehoplastv for the 
relief of bronchial stenosis whether of tuberculous' or neoplastic origin. 
Third, it may be used as a part of exploratory thoracotomy to assist in ob¬ 
taining tissue for frozen section, or in directly visualizing a tumor especially 
in the diagnosis of those small malignant bronchial and alveolar tumors whose 
shadows are likely to be discovered for the first time in roentgenogram surveys. 

Reports of hronehoplastv for tuberculous stenosis have been made by 
•iebauer, 7 but only a few recorded operations have been performed for tumor. 1 ' 3 
It is the purpose of this paper to report experiences with five transpleural 
hrouchotomies which were attempted for local excision of tumors of the adenom¬ 
atous group (Table I). 

In Table I are summarized some pertinent data of the results of bron¬ 
ehotomy. To appreciate the surgical problem encountered, a summation of 
each case is in order. 


CASE REPORTS 

Case 1.—A. B., L'.C.II. This operation was started with the idea of performing a left 
pneumonectomy through a posterolateral incision, since preoperative bronehoseopic removals 
°'er a period of six years had shown the recurrent adenoma to be located in the left-stem 
bronchus. Bronchiectasis was severe in the lower lobe. After freeing numerous dense adhe¬ 
sions trom the left lower lobe, the patient’s condition was deteriorating, so that it appeared 
'Use to terminate the operation without removal of the upper lobe. After amputating the left 
oner lobe below the upper lobe take-off, the tumor in the left-stem bronchial wall was totally 
excised (Fig. 1 ). The edges of the bronehotomy wound were closed with interrupted fine 
j! ’ Postoperative cour.se was smooth. Closed tula? drainage of the pleural cavity was estab- 
1 ted at operation but very little air escaped. The tula: was removed on the second Tjostooera- 
. ♦ x onow-up live years since bronehotomy with left lower lobectomy shows that the 
patient h> well, free of signs of recurrence and suppurative symptoms, despite some bronchiee- 
u u\ing been proved in the left upper lol>e l>efore surgery. (An illustration of the surgical 
tc lniqu e u>ed in this ca>e lias been previously reported. 1 ’) 

the Los°.\ngcle.s^County Ho^niSu Service ''’ Ce ‘ ,ar - S of Lebanon, anil Harbor General Branch of 

Thoracic Surgi^AtlanUc 1 Ctt^^New^eLe^^pril^C-JSf lall .™ 0 American A -'“<=iation for 
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Case 2.—E. S., C.L.H. This operation was begun as a transpleural bronchotomv 
through an anterolateral approach. It was expected from the preoperative bronchoseopic 
studies which had been carried out for treatment of this cylindromatous adenoma for six 
years before transpleural bronchotomy, that a condition similar to that of Case 1 (Fig. 1) 
would be found, but instead widespread pleural and mediastinal metastases were discovered. 
Since both right- and left-stem bronchial walls as well as the cariua were extensively infil¬ 
trated, complete excision of the tumor for relief of bronchial obstruction was out of the 
question. The asphyxial symptoms might be relieved by a bronchoplasty, and this was 
done by incising completely the lower anterolateral wall of the trachea and left-stem 
bronchus in a longitudinal direction for a distance of 2.5 cm. and suturing with fine silk 
the cut edges in a horizontal plane so as to widen the orifices of the left-stem bronchus and 
lower end of the trachea. From this point, until closure of the bronchoplasty was complete, 
anesthetic oxygenation was carried on through a 22F uretheral catheter inserted into the 
right-stem bronchus transpleurally. The bronchial incision extended through malignant 
neoplastic tissue. Closed tube drainage of the pleural cavity was established, but prac- 



Fig. 1. —Case 1. A.B., U.C.H., woman, aged 38 years. S.P. 46-589. Low-power magnifica¬ 

tion of surgical specimen of recurrent carcinoid bronchial adenoma removed at broncnotoni}- 
Note that five bronchial cartilages are included in the specimen. The specimen was 3.5 cm. 

1.0 cm. by 1.0 cm. 


Table I 


CASE | YEAR | SEX | AGE | DIAGNOSIS | RESULT OF BRONC IIOTQMY | FOLLOW-UI’ 

1 A. B. 1946 female 38 Carcinoid adenoma. Tumor removed with Living and well. 

Recurrent after bronchial wall from Five years no 

bronchoseopic left stem, 4 cartilages. recurrence. 

_ treatment. _ Left lower lobectomy _ 

2 E. S. 1947 male 58 Recurrent cylindrom- Unable to remove tumor. Died 2 months P. 

atous adenoma Bronchoplasty for as- 0. Metastas's 

with widespread phyxia left stem and and asphyxia, 

metastasis. trachea. 

3 D. P. 1949 female 14 Serous glandular Tumor removed left stem. Living and well 

adenoma. Base cauterized, direct 2 years. No rc- 

_ vision . _ currence, _ 

J S7§; 1949 female 45 Carcinoid adenoma. Tumor removed right Living and well, 

Recurrent after stem. Two cartilages. 18 months. 

bronchoseopic 

treatment. 

v—g p“ 1949 male 26 Carcinoid adenoma. Unable to remove tumor Living and well, 

3 ' Bronchoseopic of left lower lobe. In- 2 years. 

treatment at- vaded left upper lobe 

tempted but bronchus. Left pneu- 

failed. monectomy. 
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tically no air escaped, and the tube was removed on the third day. Although the patient 
obtained partial relief from dyspnea and was able to leave the hospital on the twelfth 
postoperative day, two months later he succumbed shortly after readmission from asphyxial 
symptoms. Post-mortem examination disclosed the widespread infiltration of the bronchial 
and adjacent tracheal walls. Surprisingly, the suture line of the bronchoplasty was well 
healed. The pathologic findings in this ease have been reported previously in the Joirxat. 
of Thoracic Surgery.* 


“•— Ca f e 3 - P-P" . girl, aged 14 years. Keb. :!$. 1949. Roentgenogram of the 

•• S" ln $? abn °nwalities of the left hilar region at a time when wheezing was prominent 
ana asthma was the diagnosis. Left lower lobe atelectasis probably present. 

3- Case 3. D.P., H.C.H.. girl, aged 14 years. April 15. 1949. Roentgenogram of the 
chest showing complete atelectasis of left lung. * u,c 
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Case 3.—D. P., IL6 .II. From the preoperative radiologic stud}' (Figs. 2, 3, and 4), broa- 
choscopic findings, and the liistologic evaluation oi' the biopsy, it was felt that a large poly¬ 
poid tumor belonging to the adenomatous group was obstructing completely the left-stem 
bronchus, and, although wheezing had been present for more than a year, complete bronchial 
occlusion was only about one week’s duration. It was believed that pulmonary suppuration 
would not ensue postoperatively if local excision could be utilized without producing bron¬ 
chial stenosis. Accordingly, a transpleural bronchotomy was performed April 20, 1949, 
through a posterolateral incision. The left lung was airless and heavy. The postero¬ 
lateral aspect of the left-stem bronchus and lower trachea were easily exposed below 
the arch of the aorta. The tumor could be palpated through the bulging bronchial tube, 
but nowhere was there a visible or palpable sign of the tumor infiltrating heyond the 
bronchial wall. Adjacent lymph nodes were innocent in gross appearance and frozen sec¬ 
tions. The bronchotomy incision extended three centimeters longitudinally from the lower 
end of the trachea to the take-off of the superior segmental bronchial orifice of the lower 
lobe. Although most of the incision was through the soft muscular wall of the left-stem 



Fig-. 5.—Case 3. D.P., H.G. H., S.S. 516-49. Gross surgical specimen removed from left-stem 

bronchus in toto via transpleural bronchotomy. Note cystic structures and stain- 


bronchus, it was not possible to avoid cutting some cartilaginous rings. The large cystic 
polypoid tumor (Figs. 5, G, and 7) mushroomed out of the bronchotomy opening into the pleural 
cavity so that with gentle traction on the tumor the mesial wall and point of attachment 
by a stalk 0.5 cm. in diameter could by thoroughly examined. This examination of the 
interior of the stem bronchus was made easier by the aspiration from the lower lobe and 
main bronchus of some 30 c.c. of slightly turbid damned-up fluid, more serous than mucous. 
Careful palpation of the mediastinal outside surface of the mesial wall and subcarinal area 
failed to disclose any evidence of invasion beyond the cartilages at the point of attach¬ 
ment. Therefore, the stalk was amputated flush with the internal surface of the cartilages 
includin' 1, a 2 to 3 mm. rim of bronchial mucosa. Small pieces of adjacent bronchial 
mucosa were also taken for histological examination. The 1.0 cm. crater left denuded of 
mucosa was now superficially cauterized with the high frequency endotherm cautery. The 
bronchotomy incision was closed with one layer of interrupted line silk; no attempt to 
'nforce the suture line with mediastinal pleura was made. The anesthetist expanded the 
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Li". 6.—Case 3. D.p.. H.O.H.. S.tf. 51G-49. Cross section at right angles to long axis 
of tumor seen in Fig. 5. l.ow power. Note glandular structure ami systic areas and bronchial 
mucosa covering endobronchial surface of tumor. 
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lung with some difficulty but no leakage of the bronchotomy opening was observed. Closed 
tube drainage of the pleural cavity was established. Only a small amount of air escaped 
through the tube the first day. The tube was removed on the second day. 

Re-expansion of the lung was carefully observed with frequent roentgenograms of the 
chest. Almost complete atelectasis was observed the first two days (Fig. 8). Tracheal 
aspiration appeared to aid the re-expansion and thoracentesis was necessary. By the third 
day, only a small amount of fluid remained and the upper lobe was almost completely ex¬ 
panded (Fig. 9). In order to observe the configuration of the bronchi, bronchograms were 
done one month (Figs. 10.-1 and 10B) and fourteen months postoperatively (Figs, lid and 
HR). One month postoperatively, clubbed shaped bronchial dilatations were delineated 
in the superior segment of the left lower lobe, and cylindrical dilatations in other seg¬ 
ments, although at this time the patient had no cough or sputum. One year and two months 
postoperatively (Figs. 11 A and 11B) the bronchograms fail to delineate any club-shaped 
bronchiectasis in the superior segment of the left lower lobe and the cylindrical dilatations 
are also less marked, but are present. She had no febrile episodes during this time, and 



Fig-. 8. Fig. 0. 

Fig. 8.—Case 3. D.P., H.G.H., April 22, 19-19. Second day postoperative transplemal 

bronchotomy. Roentgenogram of the chest showing pleural fluid and atelectasis of the left mm,. 

Fig. 9.—Case 3. D.P., H.G.H., April 23, 1949. Third day postoperative transpleural bron- 

chotomy. Roentgenogram of chest showing marked clearing of atelectasis and fluid; conipm 
with Fig. 8. 

has missed no time from school. Bronehoscopic examination eighteen months after trans¬ 
pleural bronchotomy shows a normal lumen to the stem bronchus, some black silk is seen 
covered by transparent mucosa: no signs of suppuration. She has remained well for two 
years with no sign of recurrence. 

The bronchogram studies one year apart (Figs. 10H and IS and 11.4 and B) are 
significant because they, as well as the bronehoscopic examinations, demonstrate that bron¬ 
chial stenosis does not result after transpleural bronchotomy' with removal and direct 
cauterization of the base of a polypoid tumor of this ty r pe. A cure can be expected because 
no neoplastic tissue was seen in the biopsies of the mucosa surrounding the base, and be¬ 
cause there lias been no sign of recurrence for more than two years. Nevertheless, annual 
bronehoscopic examinations have been advised. 

Case 4._S. S., C.L.H., presented a problem similar to that of Case 1. In a woman of 

45 years a carcinoid adenomatous polypoid tumor had recurred five years after the entire 
mor was thought to have been removed bronchoscopically. Roentgenologic and bron- 
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A. E. 

Fig. 10.4.—Case 3. D.P., H.G.H.. May 10, 1949. Kroncliogram one month after trans¬ 

pleural bronchotomy. Posteroanterior view showing club-shaped dilatations in the superior 
segment of the left lower lobe and cylindrical bronchiectasis in other segments of the left lower 
lobe. 

Fig. 10S.—Case 3. D.P.. H.G.H., May 10. 1949. Bronchogram one month after trans- 

Pleut^I bronchotomy. l.eft lateral view showing puddling of lipiodol in the superior segment 
•>i left lower lobe. 



f f ter trails p*euhrnw'iSd * June l? 50 * bronchogram one year and two months 

to delineate - Compare with Fig. 10.4. Posteroanterior view showing failure 

«her yen^pSt year bcfore * cylindrical dila&tionin 

B^cbo^one^-ea^d two month. 

f^r.ed to Fj^ club-^liaped bronchiectasis in superior segment of left lower foh^ 

U31S follo "'ing transpleural broncho?omr“ d llemonstrate a 'Bminuaiion in the bronchia- 
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ehoscopic examinations disclosed that complete obstruction of the right-stem bronchus from 
this tumor was of only a few days’ duration, and, as in the previous case, was associated 
with taking of bronchoseopic biopsy. In this instance, especially, we were able to observe 
radiologically the transformation of a right lung with tension emphysema (Figs. 124 ami 
1211) into a completely obstructed lung (Figs. 13 and 14). Since this woman had no previous 
suppurative symptoms, we felt justified to attempt to conserve her lung by performing on 
Dec. 30, 1949, local excision through transpleural bronchotomy via an anterolateral approach 



Fig 12A and B ,—Case 4. S.S., C.L.H., woman, aged 15 years, Dec. 27, 194D. Inspiration and 
expiration roentgenograms of chest showing shift of mediastinum to contralateral ielt siue ai 
Recurrent carcinoid bronchial adenoma right-stem bronchus, with tension emphysema ox 111 
Note, also, tracheal mediastinal displacement and opacity of the homologous right lung. 




pjp. 13 —Case 4. S.S., C.L.H., Dec. 29, 1949. Twenty-four hours after bronchoscopy. 

r»n«tprnanteri*or view roentgenogram of the chest showing complete obstruction and atelectasis 
of the right lung with mediastinum shifted to the homologous side. Compare with Figs. 12 
and 14. 
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in the third inter,pare. After entering the pleural cavity, the right lung was found to be 
lieavv and airless. The right-stem bronchus was readily exposed after elevating the lung trotn 
its posterior bed and displacing the upper lobe downwind. It was ditlb-ult to feel the tumor 
through the bronehial wall, and, as in the previous ease, neither mediastinal extension nor 
adjacent involved lvmph nodes were found in frozen sections. The right lung was now 
replaced in its posterior bed and vena azygos, superior pulmonary vein, and upper-lobe 
branch of the right pulmonary artery were retracted in order to expose the lower end of 
the trachea, right upper-lobe bronchus, and anteromedial surface of the right-stem bronchus. 



, Fig. It-—Case 4. S.S., C.L.H.. Dec. 29. 1949. PIanigrams levels S, 9. 10, and 11, show- 
Knt e con 'Plete obstruction of the right-stem bronchus at the level of the carcina by neoplasm, 
-sole, also, tracheal mediastinal displacement and opacity of the homologous right lung. 


An incision was made through the bronchial wall between the cartilages of the antero- 
mesial surface of the bronchus from the orifice of the upper-lobe bronchus to the mediastinal 
border of the subcarinal surface of the right-stem bronchus. Through this broncliotomy 
tbe interior or the right-stem bronchus was explored and found to contain a fleshy friable 
polypoid tumor which was attached to the mesial wall of the right-stem bronchus (Fig. 15). 
flic attachment was sessile and covered an area of approximately one square centimeter. 
This sessile base involved two large cartilaginous rings (Figs. 15 and 16) which were re¬ 
sected with the tumor. Again bronchial fluid, about 20 c.c. slightly purulent, was en¬ 
countered. Iu order to excise the tumor with the bronchial wall (Fig. 17) the bronchotoruy 
incision was continued to completely encirele its sessile attachment. The cartilages were 
portions of the first and second rings below the earinal cartilage. Closure of this defect 
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Fig. 15.—Case 4. S.S., C.L.H. Gross surgical specimen of recurrent carcinoid adenoma 

removed from right-stem bronchus by transpleural bronchotomy. 



16_Case 4. S.S., C.L.H. Low-power view of cross section of recurrent adenoma 

in'wier 15 Note the cartilages and bronchial wall resected intact with the endobronchial 
tumor. See Fig. 17 for high-power of invasive tumor nodule. 
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Fig. 17.—Case 1. S.S.. C.L.H. High-power view of area beyond the cartilages marked 

by squares in Fig. 1G showing nodule of adenoma beyond the reach of the bronchoscope. Such 
nodules probably account for recurrences after bronchoscopic removal. 



-s 1 iKht*'bhin 11 n'^r' 1 v!! ®\ C.L.H., April 10, 1950. Roentgenograms of the chest showing 

after trans«5S.™i k rl S> lt costophi emc sinus. Satisfactory aeration of right lung three months 
after that opera ti™orchotomy and resection of recurrent bronchial adenoma. Sixteen months 
operation the patient was well, with no signs of recurrence. 
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was difficult but was managed by displacing the carinal cartilage downward with traction 
sutures of medium silk that were removed after tying coapting fine silk interrupted sutures. 
No attempt to cover the defect with pleura was made. Closed tube pleural drainage was 
established. Postoperatively, there was little leakage of air and the tube was removed on 
the third day. Expansion of the right lung was satisfactory except for one area of seg¬ 
mental atelectasis. She was discharged on the tenth postoperative day, breathing without 
wheezing and dyspnea for the first, time in months. Three months later a roentgenogram 
of the chest showed satisfactory aeration of the right lung (Fig. 18) with disappearance 
of the segmental atelectasis. She has continued work as a saleslady uninterrupted during 
the past fifteen months. Radiologic examination sixteen months postoperatively discloses 
essentially the same appearance as in Pig. 18. 

Case o. —B. P., C.L.H. This white man 26 years of age had had symptoms of mild 
pulmonary suppuration for more than five years before hemoptysis occurred. Attempts at 
bronclioscopic removal of a carcinoid adenoma of the left lower lobe failed because of 
excessive hemorrhage and large size. It was felt that transpleural operation was indicated, 
and that the operation should be planned so that local excision might be done if the pre¬ 
operative evaluation proved accurate, i.e., if the tumor had not become too large, was still 
located in a suitable position where repair of the bronchotomy could be achieved without 
obstructing segmental orifices; if no metastases were found; if no evidence of irreversible 
suppuration of the left lower lobe existed; and if the upper-lobe bronchus were not in¬ 
volved. At operation, which was performed through a left posterolateral incision, bron 
chotomy of the posterior wall of the left lower lobe disclosed an endobronchial portion of 
the tumor which at first appeared to be amenable to local excision or lobectomy. However, 
exploration of the mediastinal area about the distal end of the left-stem bronchus demon 
strated the iceberglike nature of the tumor, and that the extrabronchial portion invade 
from the mediastinal side the wall of the left upper-lobe bronchus. Therefore, a left pueu 
moneetomy was performed. Postoperative convalescense was smooth. Two years post 
operatively, a recent examination disclosed him to be well and without evidence of an) 
recurrence. 


DISCUSSION 

The experiences described support Eloesser’s 1 contentions made in 1940 
that transpleural bronchotomy. is a feasible conservative method of removal? 
certain “benign” tumors of the bronchus which by reason of their anatomic 
situations or their doubtful extensions are not amenable to safe and certain 
bronclioscopic removal. Since 1940, the unpredictable potentially malignant 
nature of the adenomatous bronchial tumors has been thoroughly proved. 

In spite of this malignant potentiality, slow growth, tendency for encapsula¬ 
tion, and high capacity for being limited by normal tissue environment, such 
as bronchial mucosa, cartilages and lung parenchyma, make many of the 
adenomatous.brpnehial tumors amenable to complete local excision. Further¬ 
more, it appears entirely possible to differentiate those tumors which are ame¬ 
nable to complete local excision via transpleural bronchotomy by the aid ot 
clinical studies before operation 10 ’ 13 and by further information obtained at 
the time of operation. This observer emphatically advises against bronchotomy 
in every case of adenomatous bronchial tumor, and, of his forty cases, this 
paper contains the sum total of his experiences with bronchotomy in this type 
of neoplasm. But, our past knowledge is based on adenomas that were of long 
duration often accompanied by regional lymph node metastases, marked pneu¬ 
monitis, bronchiectasis, abscess, and pleuritis, where pulmonary resection must 
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was difficult but was managed by displacing the carinal cartilage downward with traction 
sutures of medium silk that were removed after tying coapting fine silk interrupted sutures. 
No attempt to cover the defect with pleura was made. Closed tube pleural drainage was 
established. Postoperatively, there was little leakage of air and the tube was removed on 
the third day. Expansion of the right lung was satisfactory except for one area of seg¬ 
mental atelectasis. She was discharged on the tenth postoperative day, breathing without 
wheezing and dyspnea for the first time in months. Three months later a roentgenogram 
of the chest showed satisfactory aeration of the right lung (Fig. 18) with disappearance 
of the segmental atelectasis. She has continued work as a saleslady uninterrupted during 
the past fifteen months. Radiologic examination sixteen months postoperatively discloses 
essentially the same appearance as in Fig. 18. 

Case 5.—B. P., C.L.H. This white man 2(5 years of age had had symptoms of mild 
pulmonary suppuration for more than live years before hemoptysis occurred. Attempts at 
bronchoscopic removal of a carcinoid adenoma of the left lower lobe failed because of 
excessive hemorrhage and large size. It was felt that transpleural operation was indicated, 
and that the operation should be planned so that local excision might be done if tbe pre¬ 
operative evaluation proved accurate, i.e., if the tumor had not become too large, was still 
located in a suitable position where repair of the bronchotomy could be achieved without 
obstructing segmental orifices; if no metastases were found; if no evidence of irreversible 
suppuration of the left lower lobe existed; and if the upper-lobe bronchus were not in¬ 
volved. At operation, which was performed through a left posterolateral incision, bron 
chotomy of the posterior wall of the left lower lobe disclosed an endobronchial portion of 
the tumor which at first appeared to be amenable to local excision or lobectomy. However, 
exploration of the mediastinal area about the distal end of the left-stem bronchus demon 
strated the iceberglike nature of the tumor, and that the extrabronchial portion invade 
from the mediastinal side the wall of the left upper-lobe bronchus. Therefore, a left pneu 
monectomy was performed. Postoperative convalescense was smooth. Two years post 
operatively, a recent examination disclosed him to be well and without evidence of an.' 
recurrence. 


DISCUSSION 

The experiences described support Eloesser’s 1 contentions made in 1940 
that transpleural bronchotomy. is a feasible conservative method of removing 
certain “benign” tumors of the bronchus which by reason of their anatomic 
situations or their doubtful extensions are not amenable to safe and certain 
bronchoscopic removal. Since 1940, the unpredictable potentially malignant 
nature of the adenomatous bronchial tumors has been thoroughly proved. 8 
In spite of this malignant potentiality, slow growth, tendency for encapsula¬ 
tion, and high capacity for being limited by normal tissue environment, such 
as bronchial mucosa, cartilages and lung parenchyma, make many of the 
adenomatous brpnehial tumors amenable to complete local excision. Further¬ 
more, it appears entirely possible to differentiate those tumors which are ame¬ 
nable to complete local excision via transpleural bronchotomy by the aid of 
clinical studies before operation 10 - 13 and by further information obtained at 
the time of operation. This observer emphatically advises against bronchotomy 
in every case of adenomatous bronchial tumor, and, of his forty cases, this 
paper contains the sum total of his experiences witli bronchotomy in this type 
of neoplasm. But, our past knowledge is based on adenomas that were of long 
duration often accompanied by regional lymph node metastases, marked pneu¬ 
monitis, bronchiectasis, abscess, and pleuritis, where pulmonary resection must 



THE NATURAL HISTORY OF SO-CALLED TUBERCULOMAS 

R. Grexville-Mathers, M.D., M.R.C.P., F.R.F.P.S. 

Harrow, Middlesex, Exglaxd 

T HE term ''tuberculoma of the lung is applied to solid caseous foci, rep¬ 
resenting undrained tuberculous abscesses filled with inspissated caseous 
material, from which tubercle bacilli can be recovered in large numbers. The 
term has also been applied on occasions to other pulmonary lesions. 1 - - 

Persons with such lesions complain mainly of feeling “under the weather 
rather than of any specifically respiratory symptoms. Physical signs are absent, 
the sputum is negative, and the lesion is found only on radiologic examination, 
and is often detected more easily on screening than with a film, since it may be 
hidden behind a rib or the scapula. The lesion is roughly spherical in shape, 
from 1,0 to 3 cm. in diameter, with sharply defined borders, and fairly uniform 
density. Smaller daughter foci may be seen near to the parent focus. The diag¬ 
nosis of a solid focus of tuberculous caseous material is often a presumptive one 
determined solely on interpretation of the radiologic appearances, and other 
conditions have to be considered such as primary and secondary neoplasms, 
cysts, abscesses, and encapsulated interlobar empyemas. 

In view of the paucity of symptoms and the circumscribed appearance of 
the lesion, patients with "tuberculomas” are frequently kept under observa¬ 
tion. In others, where a pneumothorax has been induced, the focus has been 
found unchanged when the lung has been allowed to re-expand. Now it is 
recommended that the proper treatment of such solid caseous foci is resection 
of the affected segment of the lung. Such treatment seems drastic if these 
lesions run a benign course and carry a favorable prognosis. 

In an attempt to elucidate this problem, eighteen patients, with a total of 
twenty-three "tuberculomas,” have been found who have been kept under ob¬ 
servation. Two patients had two solid caseous foci in one lung, and another had 
three foci in one lung and one in the other lung. The course of these "tuber¬ 
culomas” was as follows: 

Calcified .—Four foci. Observed 15. 22, 54, and 14S months. 

No change .—Seven foci. Observed 12, 12, 16, 24, S9, SO, and S9 months. 

Enlarged .—Five foci. Observed 20, 22, 22, 24, and 50 months. 

Cavitated .—Four foci. Observed 5, 23, S9. and 90 months. 

Cantated with Bronchogenic Spread-Three foci. Observed 30. 3S and 
•>1 mouths. 

It appears from these figures that "tuberculomas” are relatively indolent 
E\en when cavitation occurred, in four of seven eases bronchogenic 
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to relieve asphyxiating- malignant obstruction. In the fifth case, the pneu¬ 
monectomy was necessary because widespread bronchial infiltration had 
already occurred. Conservation of lung and complete local excision in the 
carefully selected ease is stressed. 
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LOBECTOMY AND PNEUMONECTOMY IN TUBERCL LOSIS 
A Refost of 54 Cases 

L. -Johaxssox, M.L.. AXD L. 0. 1 OOLA. MX. 
Stockholm, Sweden' 


T HE Ski tentative attempts at pulmonary resection in tuberculosis therapy 
were made in the last two decades of the nineteenth century. But it was 
not until the third and, in particular, the fourth decades of this century that 
improved diagnostic technique and chemotherapy permitted a more accurate 
evaluation of the problems involved in the treatment of pulmonary tuberculosis 
by resection of the a nee ted tissue. As a natural consequence of the rapid 
progress of thoracic* surgery, it L> now possible to study the results in large 
series of tuberculous patients treated with this procedure. The foremost names 
hi the Anglo-American literature are those of Overholt, Bailey. Sweet, etc*. 
Among European writers, KHnkenberg has reported a large series of resection 
cases. The Swedish material hitherto published (Crafoord. Rudstrom. Wulft) 
was rather small and the observation period was relatively short. 

The nrst of our patients has been observed for fifteen years, and during 
these years an increasing number of patients have been treated with resection. 
We consider, therefore, that the time is now opportune for reporting the results 
of treatment in fifty-four patients who underwent pulmonary resection at 
Sabbatsberg Hospital in Stockholm during the period 1935-1950. 

To olitain a survey of the results in earlier studies, a table has been com¬ 
piled showing findings from investigations made before the introduction of 
chemotherapy and from recently published papers concerning operations car¬ 
ried out with the protection of chemotherapy < para-aminosalicylic ac-id [PAS] 
and streptomycin). A number of data were obtained through personal com¬ 
munication with Dr. Swireuga <Holland). 

No distinction-has been made in the table between "good"' and "poor” 
surgical risks. The mortality and complications rates were high in the early series, 
and were considerably reduced by the advent of chemotherapy. In addition 
to the beneficial action of the drugs, the patients in the later studies had the 
advantage of all the advances in surgical and anesthetic* technique and post¬ 
operative therapy. 

iae patients who comprised the clinical material in this study all under- 
"em operation at Sabbatsberg Hospital. Rather more than half of them 
twenty-nine', received pre- and postoperative care at Soderby Hospital. The 
o^ers were reierred to Sabbatsberg by sanatorium physicians in the provinces. 
-X tne surgical procedures were throughout the responsibility of the same sura eon 
_ _ r<n ~ *-• Lraroord). a continuity was created which was important in the assess- 
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dissemination of disease did not ensue. In only four, however, did definite 
healing occur, while in twelve the pathologic process continued. 

SUMMARY 

The results of observation of twenty-three so-called tuberculomas are re¬ 
ported. Altogether three cavitated with bronchogenic spread, four cavitated 
only, and five enlarged. 

Thus resection of the affected segment of the lung, since it carries prac¬ 
tically no mortality and does not entail the sacrifice of any appreciable amount 
of lung tissue, seems to be the treatment of choice for these solid lesions. 
Especially is this so when the difficulty in making a differential diagnosis from 
peripheral carcinoma is borne in mind. A correct diagnosis of carcinoma may 
only become evident at a stage when curative treatment for this condition has 
become impossible. 

I wish to express niv appreciation to Mr. F. Ronald Edwards for his interest, aduce, 
and criticism. 
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T he first tentative attempts at pulmonary resection in tuberculosis therapy 
were made in the last two decades of the nineteenth century. But it was 
not until the third and, in particular, the fourth decades of this century that 
improved diagnostic technique and chemotherapy permitted a more accurate 
evaluation of the problems involved in the treatment of pulmonary tuberculosis 
by resection of the affected tissue. As a natural consequence of the rapid 
progress of thoracic surgery, it is now possible to study the results in large 
series of tuberculous patients treated with this procedure. The foremost names 
in the Anglo-American literature are those of Overholt, Bailey, Sweet, etc. 
Among European writers, Ivlinkenberg has reported a large series of resection 
cases. The Swedish material hitherto published (Crafoord, Rudstrom, Wniff) 
was rather small and the observation period was relatively short. 

The first of our patients has been observed for fifteen years, and during 
these years an increasing number of patients have been treated with resection. 
We consider, therefore, that the time is now opportune for reporting the results 
of treatment in fifty-four patients who underwent pulmonary resection at 
Sabbatsberg Hospital in Stockholm during the period 1935-1950. 

To obtain a survey of the results in earlier studies, a table has been com¬ 
piled showing findings from investigations made before the introduction of 
chemotherapy and from recently published papers concerning operations ear¬ 
ned out with the protection of chemotherapy (para-aminosalicylic acid [PAS] 
and streptomycin). A number of data were obtained through personal com¬ 
munication with Dr. Swirenga (Holland). 

No distinction*has been made in the table between "good” and “poor” 
surgical risks. The mortality and complications rates were high in the early series, 
and were considerably reduced by the advent of chemotherapy. In addition 
1" the beneficial action of the drugs, the patients in the later studies had the 
advantage of all the advances in surgical and anesthetic technique and post¬ 
operative therapy. 


The patients who comprised the clinical material in this study all under¬ 
went operation at Sabbatsberg Hospital. Rather more than half of them 
(tventy-nine) received pre- and postoperative care at Soderby Hospital. The 
ot icrs were referred to Sabbatsberg by sanatorium physicians in the provinces, 
'.p! le slu ’S lt- al procedures were throughout the responsibility of the same surgeon 
C. Crafoord), a continuity was created which was important in the assess- 
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ment and planning of the interventions. On the other hand, the preoperative and 
late postoperative treatment was inevitably subject to variations from the fact 
that the patients were hospitalized in different institutions. 

The operative procedures were as follows: IS lobectomies, 3 lobeetomies 
combined with segmental resection, 1 segmental resection, and 32 pneumonec¬ 
tomies. The last-named included 7 cases of pleuro-pneumoneetoiny, an inter¬ 
vention which undoubtedly involves increased risk of hemorrhage and shock. 
The predominance of women (thirty-three) may possibly be ascribed to the 
higher incidence of bronchial tuberculosis in females. 


Table I. 


AUTHOR 

j XU.UBEK OF CASES 

TOTAL DEATHS 

1 POST- 

1 OPERATIVE 
MORTALITY 

SPREADS 

NO 

SPECIFIC 

chemo¬ 

therapy 

SPECIFIC 

CHEMO¬ 

THERAPY 

NUMBER 

PER 

CENT 

NUMBER 

PER 

CENT 

number 

PER 

CENT 

2S 

32 

2S 

Overholt et al. 

196 


41) 

24 

27 

14 

54 

Sweet 

63 


2S 

44 

9 

16 

20 

Clagett et al. 

29 


4 

14 

2 

7 

S 

Bailey et al. 

too 

too 

37 

16 

37 

16 

27 

16 

27 

16 

15 

1 

15 

1 

4 

Moore et al. 


74 1 

6 

8 

6 

8 

3 

Bay et al. 

202 

25 

12 

14 

7 

25 

12 

20 

5 _ 

Himmelstein 
et al. 

1 73 

15 

21 

12 

16 


Jones et al. 

35 

ss 

10 

5 

29 

6 

s 

5 

23 

0 

7 

4 

Munz et al. 


53 

4 

8 

4 

8 

i 

2 

Swierenga 


227 
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Those patients who received no specific chemotherapy (twenty-three in 
number) were for the most part operated on before 1948. The youngest ot 
the series was S years old and the oldest 63 years of age. None of the patients 
had been observed for a shorter period than one year after the disease was 
diagnosed. The great majority had been followed for many, years, and during 
that time had received sanatorium care when such was necessary. In the 
patients classed as having bilateral disease, the contralateral process was prac¬ 
tically always estimated to be clinically inactive. No patient had permanent 
contralateral collapse, but two had earlier contralateral artificial pneumothorax. 
The number of pneumonectomies performed during the different periods of the 
investigation was: 1935-1942; six; 1943-1947, eight; 1948-1949, eight; and up 
to September, 1950, ten. Corresponding figures for lobectomies were: zero, 
five, nine and eight. 

Throughout the two tables of indications distinction has been made be¬ 
tween patients who had previously received active therapy either in the form 
of permanent collapse (thoracoplasty) or temporary collapse (pneumothorax 
or pneumoperitoneum with phrenic nerve interruption), and eases where resec¬ 
tion was the first active measure. The indications for operation were not notably 
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divergent from those reported in the Swedish and foreign literature. Thus one 
group consisted of fourteen patients with residual cavities after thoracoplasty 
or revision thoracoplasty or with cavities so localized that collapse therapy "as 
unlikely to be effective; these cavities were usually situated in the lower lobe. 
Another important indication was bronchostenosis secondary to tuberculosis uith 
intermittent or constant retention symptoms and with positive sputiun (seven¬ 
teen patients). This group included some eases where the changes peripheral 
to the stenosis were so marked that the pulmonary parenchyma was more or 
less destroyed. A third group comprised 6 patients with bronchiectasis sec¬ 
ondary to tuberculosis and persistent and positive sputum. "Where sputum con¬ 
version can be obtained, these patients should be submitted to surgery on the 
same indications as for nontubereulous bronchiectasis. In 2 patients who under¬ 
went operation for nonspecific bronchiectasis, tuberculosis was revealed by 
microscopic examination. Those eases (seven in number) where earlier therapy 
had resulted in fistula formation and empyema presented great difficulties. 
Pleuro-pueumoneetomy was found to be the only and final resort for such pa¬ 
tients in our study. Extensive unilateral tuberculosis constituted the indication 
for surgery in five patients. The series also includes three cases of tuberculoma, 
two of which were thought to be tumors. More unique than the above-named 
common indications is a ease of arteriobronchial fistula which has previously 
been described by Crafoord. 

When judging the indications in all these patients, the appearance of the 
bronchial tree was considered to be as important as the extent of the paren¬ 
chymatous lesions. No less than twenty-seven of the fifty-four patients were 
lound to have definite bronchial tuberculosis. We have, however, always en¬ 
deavored by local and general therapy to convert the bronchial lesions to in¬ 
activity before operation. 

Prior to 194S no patient had received specific chemotherapy. To begin 
"ith, chemotherapy was given only on special indications: preoperative chemo¬ 
therapy was reserved for "poor risks’’ and postoperative for complications. 
Gradually, as the drugs became more easily procurable, a more methodic system 
of therapy was adopted. As far as possible PAS was given preoperatively 
(more recently some patients have received thiosemicarbazone), and streptomy¬ 
cin was reserved until the time of operation so as to avoid early development 
of bacillary resistance. 

There was, however, a group of patients for whom the initial prospect was 
considered favorable for thoracoplasty but the course of events necessitated the 
use or intensive chemotherapy: in these patients resistance to streptomycin had 
< e\ eloped before resection was performed. In a few cases of extensive disease, 
loroug i medication with all available ehemotherapeutics failed to make the 

Wn Ut fit f ° r collapse therapy; primary resection was then carried out but 

ci ar\ resistance had already developed. 

vaript° Umt01m schedule of th erapy ean be given as the duration of treatment 
'ery widely in the different patients. Preoperative PAS medication up 
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to five ancl six months in length was not uncommon. Streptomycin was some¬ 
times added in short courses of ten to fourteen days during PAS therapy. Dur¬ 
ing the last year, streptomycin has always been given in combination with PAS 
so as to delay bacillary resistance. The usual dosage of PAS was 14 Gm. granu¬ 
late (70 per cent PAS) daily in 4 divided doses. Streptomycin was given in a 
dosage of 1 Gm. daily; dihydrostreptomycin lias been used since 1949. Tliio- 
semicarbazone was given in the usual increasing dosage up to a maximum ol 
0.05 Gm. four times daily. PAS and streptomycin were also used locally, par¬ 
ticularly in the cases complicated by empyema and fistula formation. Systematic 
and regular sensitivity tests were, unfortunately, not carried out. In patients 
with copious sputum containing a variety of bacteria, sulfanilamides and 
penicillin were added to the preoperative therapy, and were often combined 
with inhalation therapy. Depending on the clinical findings, streptomjcm 
was continued for two weeks to one month after operation, and PAS ancl tlno- 
semiearbazone for at least another month. 

Preoperative bronchoscopy was performed in all but seven patients. Analy¬ 
sis of cardiorespiratory function has been carried out on an increasing scale 
during the last few years. The investigations included determination of total 
capacity, bronchospirometrv, registration of the pressure in the pulmonai) 
artery, cardio-angiography, and estimation of oxygen saturation at rest an 
during exercise. 

The plastic surgery procedures which preceded pneumonectomy and lobcc 
tomy were carried out with the aid of local anesthesia. For resection operations, 
intratracheal anesthesia with spiropulsator respiration was used. Surgery nas 
always performed with the patient in the lateral position. In cases with copious 
sputum, or where the release of secretions during operation was anticipated, the 
bronchus was sealed by tamponading. For the last year a double-lumen cathetei 
devised by Carlens lias been used. With this technique, anesthesia can be ad¬ 
ministered to each lung through a separate channel. This is highly advantageous 
when it is necessary to keep the lungs free of secretion and prevent aspiration 
from the diseased lung. During operation intravenous drip infusions, mainh 
blood, were given. In this way, protracted and sometimes difficult dissections, 
e.g'., in pleuro-pneumonectomy, could be performed with the minimum of risk. 
Bronehoscopie aspiration was carried out as a routine immediately after opera¬ 
tion. Apart from the specific chemotherapy, the postoperative management of 
these cases does not differ from that of other intrathoracic conditions with refer¬ 
ence to fluid balance, oxygen administration, chest aspiration and routine roent¬ 
genograms. 

The' complications which may follow operation arise from the specific in¬ 
fection and/or the trauma inflicted by surgery on blood vessels, air passages, 
and pulmonary parenchyma. To the latter group belong the three pneumonec¬ 
tomies which terminated in fatal surgical shock syndrome. In the survey of 
complications, the clinical material has been divided into cases with and without 
specific chemotherapy. Among the lobectomy patients, strangely enough, all the 
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TABLE II. CLINICAL MATEHIAI 



Total patients 
Men 
Women 
Age 

Average age 
Duration of disease 
Average duration 
Xo specific chemotherapy 
Specific chemotherapy 
Unilateral disease 
Bilateral disease 
Previous contralateral collapse 
(pneumothorax) 


22 * 

S 

14 

17 to 63 years 
34 years 
1 to 23 years 

5 years 

6 ' 

16 

14 

S 

1 


♦Including three cases of combined lobectomy 
mental resection. 

tlncluding seven pleuro-pncumonectomies. 


321 
13 
19 

S to 5S years 
34 years 
24 years 
S years 
17 ‘ 

15 
22 
10 
1 


1 to 


23 

31 

30 

•is 

o 


and segmental resection and one seg- 


Table III. LOBECTOMIES 


INDICATIONS | 

TOTAL 

PREVIOUS ACTIVE THERAPY j 

NO 

PREVIOUS 

ACTIVE 

THERAPY 

BRONCHIAL 

LESION'S 

PERMANENT 

COLLAPSE 

TEMPORARY 

COLLAPSE 

Cavities: 

Upper lobe 

Lower lobe 

Upper and lower lobes 
Tuberculous bronchiectasis 
Tuberculoma 

Suspected tumors t 

Xcn-specifie bronchiectasis 

4 

7 

1 

4 

1 

3 

0 

4 

1 

0 

2 

0 

0 

0 

0 

3 + 1* 

0 

1 * 

0 

0 

0 

| o ! 

i 

i 

1 

3 

2 

i 

o 

1 

J 

0 

0 

0 

---- 

Total 

22 

7 

5 

1 10 1 •> 


♦Prophylactic pre-lobectomy thoracoplasty. 

tTwo tuberculomas, one pulmonary tuberculosis + bronchiectasis. 
Three patients not examined by bronchoscopy. 


Table IV. Pneumonectomies 


INDICATIONS 

TOTAL 

PREVIOUS ACTIVE 
THERAPY 

NO 

PREVIOUS 

ACTIVE 

THERAPY 

BRONCHIAL 

LESIONS 

PERMANENT 

COLLAPSE 

TEMPORARY 

COLLAPSE 

Failed cuvitv closure 

2 

i 

i 

0 

0 

Bronchostenosis with broil- 

17 

n 

o 

3 

17 

chicetasis 






Extensive unilateral lesions 

5 

0 

o 


1 

hmpvema with pleurocutaneousi 

; o 

o 

0 

0 

1 

fistula 






Uoidual cavity 4- empvema -f 

4 

4 

0 

0 

1 

bronchial fistula 






Empyema -f- bronchial fistula 

i 

0 

1 

0 

1 

Arteriobroncliial fistula 

i 

0 

0 

1 

1 

t otal 

H») 

IS 

7 

I 

22 


Lour patients not examined by bronchoscopy. 
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Table V. Postoperative Complications 



1 pneumonectomies 

1 lobectomies 


WITHOUT 

WITH 

WITHOUT 

WITH 


CHEMO- 

CHEMO- 

CHEMO- 

CHEMO- 

POSTOPERATIVE COMPLICATIONS 

THERAPY 

THERAPY 

THERAPY 

THERAPY 

Contralateral spread 

4 

i 

0 

i 

Ipsilateral spread 

0 

0 

0 

1 

Bilateral spread 

0 


0 

1 

Tuberculous empyema + bronchial listula 

0 


0 

l 

Tuberculous wound fistula 

0 

i 

0 

Tuberculosis of bronchial stump 

1 

o 

0 

0 

0 

0 

Staphylococcal empyema 

1 

i 

0 

Nonspecific wound infection 

0 

i 

0 

Transient atelectasis 

0 


0 

“_ 

Postoperative deaths 

(i 

0 1 

0 

. 1 

LATE 

COMPLICATIONS 



Contralateral spread 

■ MjM H 


0 

1 

Ipsilateral spread 

' ;v -c H 

0 

0 

1 

0 

Bilateral spread 


0 

1 


Table VI. Present Status 


TIME OP 

NUMBER OP 

CLINICALLY 
WELL SPUTUM 

cardio¬ 

respiratory 

active or 

POSSIBLY 
ACTIVE DISEASE* 
SPUTUM 

---^-1 

dead_ 

OPERATION 

| PATIENTS 

negative 

INSUFFICIENCY 

1‘OS. 1 NEG. 1 


26 Pneumonectomies 


1935-1942 

(6) 

0 

5 

3 

0 

1 9 

i 

0 

0 

0 

1943-1947 

(8) 

3 

2 

0 

1 


1948-1949 

(8) 

7 

7 

2 

0 



(10) 

10 

s 

0 

1 

| 1 

Total 

(32) 

20 

22 

5 

2 

| i 
i 

1 


tm 

21 Lobectomies 



_— 

1935-1942 


0 

- 

- 


0 

1 

0 

0 

1943-1947 

(5) 

5 

o 

0 

1 

1948-1949 

(9) 

9 

7 


0 

1 


(8) 

7 

5 

0 

1 

1 

Total 

(22) 

21 

14 

0 

2 

o 

1 





4 


— 


In the lobectomy group no information is available in two cases. 

The figures in parentheses represent the original number of patients in the study. 
*In the sputum-negative patients in this group there is manifest or suspected roentgei 
graphic activity. 


complications are registered in the chemotherapy group. This, however, is ex¬ 
plained by the fact that only six of the twenty-two lobectomy patients received 
no chemotherapy. Moreover, the complications of ipsilateral and bilateral spread 
and the two eases of empyema are accounted for by only two patients; one of 
these had segmental resection, and the other segmental resection with lobec¬ 
tomy. In the latter patient the tubercle bacilli were almost entirely resistant 
to both PAS and streptomycin. In the case where a tuberculous wound fistula 
developed, all available chemotherapy had also been fully utilized prior to opera¬ 
tion Contralateral spread occurred in one patient and transient atelectasis in 

two. 
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In the pneumonectomy patients, spread occurred in four who had receh ed 
chemotherapy and in one who had not. Despite the high incidence of bronchial 
lesions, tuberculosis of the bronchial stump appeared in only three patients. 
Two of these patients had received chemotherapy. Staphylococcal empyema de¬ 
veloped in one treated and one untreated patient. Nonspecific wound infection 
occurred in one treated patient. 

Of the postoperative deaths, three have already been reported as due to 
surgical shock. None of the three remaining patients who died after pneumonec¬ 
tomy had received chemotherapy: they developed extensive contralateral spreads 
which could not be controlled and became caseous. In one lobectomy patient, 
fistula formed and empyema developed with bilateral spread and finally hemop¬ 
tysis and death. Of the seven patients who died, four must be regarded as 
poor surgical risks. 

Twenty-one lobectomy patients thus survived operation, but one of them 
died of cardiac disease three years later. Two are known to be alive but no 
information is obtainable as to their present condition. Fourteen show no clini¬ 
cal or roentgenological signs of active tuberculosis and four are considered as 
still having active disease. In two of these four patients no thoracoplasty was 
performed over the excised lobe. Overdistention of the remaining pulmonary 
parenehyma may therefore have been a significant factor in the occurrence of 
spread. It is interesting, in this connection, to note that a number of patients 
who during recent years underwent lobectomy or pneumonectomy for other 
nontuberculous conditions, developed tuberculous lesions or exacerbations in the 
overdistended parenchyma. None of these patients was observed to have cardio¬ 
respiratory insufficiency. 

Of the twenty-six patients who survived pneumonectomy, one died of staphy¬ 
lococcal empyema two years after surgery. Of those now alive, twenty-two 
show no clinical or roentgenologic evidence of active disease, and three are 
classed as “not healed.” Two of these three patients have positive sputum. 
I he five cases of cardiorespiratory insufficiency are also registered in the pneu¬ 
monectomy group. This condition is not verified in any case, but is recorded on 
the basis of information supplied by the patient himself. The patients classified 
as not healed” have developed spreads or are assessed as uncertain on other 
grounds. They are at present receiving temporary collapse therapy or sana¬ 
torium care. 

During recent years, one or more sputum cultures or gastric washings have 
a ways been examined for .1/. tuberculosis after operation. Unfortunately, no 
um oim plan has been followed. With regard to those patients who under- 
'ent operation a number of years ago, reliance has had to be placed to a certain 
ex ent 011 r °utine direct smears or sputum concentrates. 


CONCLUSION'S 


Specific chemotherapy 
results obtained. Patients 


has made an important contribution to the good 
previously considered to have a hopeless prognosis 
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were converted to a more favorable condition for further therapy. This means 
that an ever-increasing number of patients is prepared for surgery. Chemo¬ 
therapy must, however, be employed in such a way that its action is not dissi¬ 
pated at the time of the planned operation. For this it is important that there 
should be close cooperation between the sanatorium physician and the thoracic 
surgeon in planning the course of therapy at an early stage. Kesection of pul¬ 
monary parenchyma is followed by overdistention and emphysema of the re¬ 
maining pulmonary tissue, and the risk of spread is thereby increased. It has 
therefore been considered advisable to perform thoracoplasty over the site 
of the excised tissue. Few exceptions have been made to this rule, and these 
have resulted in one or two serious reverses. In recent years we have performed 
primary resection only in those cases where preliminary thoracoplasty was con¬ 
sidered to be precluded by the toxicity of the disease and the patient’s poor gen¬ 
eral condition. Thoracoplasty was performed when the patient’s condition had 
sufficiently recovered. 

Segmental resection should be reserved for well-defined and localized lesions 
with little or no activity. Otherwise there is considerable risk of fistula forma¬ 
tion, empyema, and spread of the disease. 

Careful testing of function should precede operation in every case where 
it is important to conserve functioning parenchyma and avoid a more disabling 
cardiorespiratory insufficiency. 

In the light of our present experience, resection therapy in pulmonary tuber¬ 
culosis appears to be a necessary and advisable complement to collapse therap) 
in suitable cases. Pulmonary resection does not involve a greater surgical moi- 
tality or risk of complications than surgical collapse therapy in general, 
may be directly lifesaving in cases of unilateral disease with grave genera 
toxicity where other methods of treatment are out of the question: stenosis 
of the main bronchus with complete pulmonary destruction constitutes such an 
indication. 

SUMMARY 

A report is presented of a series of resection operations canned out on 
patients with pulmonary tuberculosis at Sabbatsberg Hospital, Stockholm, dur¬ 
ing the period 1935-1950. The series comprised thirty-two pneumonectomies, 
twenty lobectomies, and two lobectomies combined with segmental resection. The 
main indications were: (1) failure of collapse therapy to effect cavity closure; 
(2) pulmonary lesions secondary to stenotic bronchial tuberculosis; and (3) 
extensive parenchymatous lesions. 

Prior to 1948, nineteen patients underwent operation without the protection 
of specific antimicrobial agents. There were seven deaths in this group, six 
of which occurred in the immediate postoperative period. 

The thirty-five patients submitted to operation since the beginning of 1948 
received specific medication. One of these patients died in the immediate post¬ 
operative period, and one later. 

The present condition of the surviving patients is reviewed. 
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ANGIOGRAPHIC STUDIES AFTER PULMONARY RESECTION 

Carlos R. Pacheco, M.D., and Hermilo del Castillo, M.D. 

Mexico, D. F. 

D URING the last few years the field of thoracic surgery has developed new 
techniques on pulmonary resection, from segmental resection to pneumonec¬ 
tomy; at the same time both surgeons and physiologists have become more in¬ 
terested in the knowledge of the functional state of the rest of the pulmonary 
tissue, as the patient requires a correct hematosis to continue living. 

Many investigators have been concerned with the problems of research in¬ 
cluding functional, spirometric, and broiichospirometric studies after the thera¬ 
peutic methods which reduce the field of hematosis (collapse therapy, pneu¬ 
monectomy, etc.) have been used. Command and Richards, 1 in 1941, stressed 
the effect of various types of collapse therapy upon cardiopulmonary function, 
and observed a decrease in the maximal breathing capacity after exercise. The 
same observations were made by Cieero 2 in his receptional thesis in respect to 
extrapleural pneumothorax. Command and Riley 3 in 1950 reported sixteen 
cases, seven of which were seen shortly after pneumonectomy and nine long 
after they had been subjected to this therapeutic procedure; in the first group 
there was a less marked decrease in the maximal breathing capacity after exei- 
cise than in the second. Burnett and Long 4 reported a decrease in the maximal 
breathing capacity in twenty-four patients after they had been pneumonec- 
tomized. Long and Norris 5 performed broiichospirometric studies in bronchiec¬ 
tasis before and after lobectomy in sixty-four patients, in some cases there was 
no variation in the maximal breathing capacity, while in other cases there was 
an increase. Taylor, Roos, and associates, 6 in their paper on “Respiratory and 
Circulatory Studies in Patients after Bilateral Lobectomy” reported ten cases 
in which there was a decrease, both in the maximal breathing capacity and m 
the oxygen saturation. Peters, Roos, and associates 1 studied ten children after 
they had been pneumonectomized, and observed that both the oxygen saturation 
and the maximal breathing capacity gave almost normal values, and concluded 
that there is no relation between the time in which the operation was performed 
and the functional state of the rest of tjie pulmonary tissue, as long as adequate 
training was carried out in these patients tending to maintain the mobility of 
the diaphragm and mediastinum. 

In most of the cases roentgenologic studies of the chest some time after 
lobectomy are unable to give information as to the functional state of that lung 
in as much as the other lobes tend to re-expand and fill the place left in the 
thoracic cavity, the diaphragm returns to its normal position; in some cases 
the shadow east by the lung parenchyma may be less dense due to overdistention. 

From the Servicio del Dr. Alejandro Celis, pab. 20 T-2 del Hospital General. 

Received for publication June 13, 1951. 
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In young patients and in those in whom there are no postoperative complica¬ 
tions such as broncho-pleural fistulas or empyemas, the roentgenogram of the 
chest seems to be that of a normal subject. 

The visualization of the pulmonary vessels may give some information as 
to the functional state of the pulmonary tissue left and Neuhof and Nabatoff 
have already used angiography 8 to study the form and function of the remaining 
lung after pneumonectomy. Keil and Schissel 9 using the same method were able 
to make the differential diagnosis of unresolved pneumonia and bronchiogenic 
carcinoma. 

The technique of angiography which we used is the one first described by 
Dr. Celis which consists in the introduction of a Nelaton’s type of catheter 
through the external jugular vein in the neck down to the right cardiac cham¬ 
bers or stem of the pulmonary artery, injecting 30 or 40 c.c. of SO per cent 
Nosylan and taking a roentgenogram half a second after the opaque substance 
has been injected, thus obtaining the image of the stem of the pulmonary artery 
and its main branches. 

In a normal person being subjected to angiographic study in the antero¬ 
posterior position, the stem of the pulmonary artery arising from the conus 
arteriosus of the right ventricle extends obliquely upward and backward, and 
after a short course is divided into right and left branches. The first, longer 
and larger than the second, runs horizontally to the right to the root of the 
right lung. The left branch passes backward and slightly outward, lying 
axially to the frontal plane. The right branch of the pulmonary artery gives 
off its first branch to the upper lobe at the root of the right lung where it bends, 
showing a curve concave externally thus making it a descending artery, and 
constitutes the blood supply of the apical and anterior segments; the branch of 
the posterior segment arising from the stem runs outward; the two branches 
'vhich supply the middle lobe arise somewhat lower and inward; the branch 
which supplies the dorsal segment arises outward, while the basal branches 
are given off downward. The left branch of the pulmonary artery, shorter and 
somewhat smaller than the right, has a more atypical distribution, most of the 
anatomists consider from three to seven branches for the upper lobe, while it 
is not possible to determine the number from an angiographic point of view. 
In some cases the main branch shows only a common stem, in other eases several 
secondary branches arise directly from the main stem; immediately downward 
and outward is the branch to the lingular lobe, the branch of the dorsal segment 
arises in front and inward, and the basal branches arise downward. All of 
these arterial branches give off more branches as they run to the periphery, 
t nis originating a “rich and complete circulation.” 11 

In the lateral position the same distribution may be seen, only that the 
S ,!^ 0 '' s cast V hotli pulmonary arteries are superimposed, thus making it 

1 cult to identify the branches of each pulmonary artery. 

The angiographic study gives valuable information as to the functional 
s a e ot the pulmonary vessels and mediastinum: 

h 1- ’ Posltlon of the pulmonary artery; in pneumonectomized patients we 
e o 'sewed that the pulmonary artery and mediastinum are displaced toward 
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the operated side if no method, such as thoracoplasty or filling of the cavity with 
plastic material, is carried out to prevent such a displacement which causes 
overdistention of the other lung', and consequent]}' a state of respiratory in¬ 
sufficiency. 

2. Section of the corresponding arterial branch; this is purely anatomic 
and is manifested by a sudden stop of the opaque substance at the place of the 
sectioned branch. 

3. Separation of the arterial branches; this is due to the cavity left and 
overdistention of the remaining lobes or lung, the arterial branches seem to he 
less and more separated than normally, indicating a poor blood supply and con¬ 
sequent defect in the hematosis; the angiogram after pulmonary resection differs 
from that in pulmonary emphysema in which there is a diminished blood supply 
at the periphery. 



Fig. 1.—Case 1, F. O. Right pneumonectomy (tuberculosis). Angiogram taken t 
months after the operation. The pulmonary artery is displaced toward the operateu & * 

its left branch is elongated. 

We are reporting thirteen cases of pulmonary resection in which angio¬ 
graphic studies were made. The patients in our series were from 18 to 50 years 
of age, nine men and four women; three patients were pneumonectomized, two 
of them due to tuberculosis and one due to bronchiectasis with abscess formation; 
in the other ten eases lobectomy was performed (two lobes in four cases), four 
were bronchiogenic cysts infected, one inflammatory stenosis of the low'd' left 
bronchus, one carcinoma of the lower left bronchus in which a palliative lobec- 
tomv was performed as the bronchial obstruction produced the formation of a 
distal abscess, two bronchiectasis, one abscess, and one tuberculosis. 
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Fig. 2.—Case 2, D. H. Right pneumonectomy (bronchiectasis with abscess formation). 
Angiogram taken two years and four months after the operation. The displacement of the 
pulmonary artery is more marked than in the former case (Fig. 1); the pulmonary artery 
is longer and its branches are more separated. 


I !g. 3.—Case 






12. M. V. Angiogram taken before the patient was operated 
position of the mediastinum. 


Notice tlie normal 
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Fig. 4.—Case 12 after right pneumonectomy (pulmonary tuberculosis). Angiogram . 
eighteen days after operation. The mediastinum is not displaced. The right urancn 
pulmonary artery is sectioned. 



Fig. 5.—Case 3. R. M. Lobectomy of the upper left lobe (cyst). Angiogram taken 
year and four months after the operation. The pulmonary artery is displaced towaru 
operated side, the blood supply is diminished. This patient developed a postoperative empy*-» 
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Fig. 4.—Case 12 after right pneumonectomy (pulmonary tuberculosis). Angiogram ■ tin- 
eighteen days after operation. The mediastinum is not displaced. The right branch o 
pulmonary artery is sectioned. 



—i 


r_case 3 , R. M. Lobectomy of the upper left lobe (cyst). Angiogram taken one 

- ami four months after the operation. The pulmonary artery is displaced toward the 
year an 1 d i j° tl ™ blood supply is diminished. This patient developed a postoperative empyema. 
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The cases studied are divided into two groups: (1) pneumonectomized patients, and 
(2) lobectomized patients. In the first group we report three cases. Case 1.—F. 0. 
(Fig. 1) on whom the operation was performed three months before the angiographic study. 
The pulmonary artery is displaced toward the operated side, its left branch is elongated, 
its smaller branches show diastasis, and the blood supply at the periphery is somewhat 
diminished. Case 2.—D. H. (Fig. 2) in which angiographic studies were made two years 
and four months after pneumonectomy (right lung), the pulmonary artery suffered a 
marked displacement toward the operated side. There is a considerable dilatation, and 
its walls are elongated; its branches at the periphery of the lung pass through the 
mediastinum, and there is a separation between them. The third case (number 12 in 
Table I), M. Y. (Figs. 3 and 4), was studied before pneumonectomy and eighteen days 
after the operation. There are no visible changes; the pulmonary artery is in its normal 
position, and its branches seem to be normal. 



Fig. 8.—-Case 9, M. S. Lobectomy of the- right upper lobe (abscess). There is no alteration 
of tl'.e pulmonary artery as compared with the opposite side. 

In the rest of the cases lobectomy was performed; Case 3.—E. M. (Fig. 5), an 18 
year-old patient on whom angiographic studies were made one y T ear and four months after 
the operation, shows the pulmonary artery to be displaced toward the operated side, 
and a diminished blood supply- to the rest of the lobes. It is interesting to note that this 
patient developed an empyema which was later treated by open drainage, and finally the 
total re-expansion of the other lobes was obtained. Case 8.—C. G. (Fig. 6) had bilateral 
lobectomy and was studied four months after the first operation and twenty days after the 
second the stem of the pulmonary artery is not displaced although there is a diminished 
blood supply at the bases. Cases 7 and 9.—Q. L. (Fig. 7) and M. S. (Fig. 8), on whom 
the rest of the lobes did not re-expand after the operation and, when the angiographic studies 
were made, they- were seen to have pneumothorax. There is no displacement of the pul¬ 
monary artery, and its branches are not separated nor the blood supply diminished in the 
other lobes. In the rest of the cases there is a diminished blood supply to the lobe or 
lobes extirpated (Figs. 9 and 10). 
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Fig. 9.—Case 11, R. B. Lotiectomy of the lower and middle lobes (tuberculosis). Pulmonary 
hyperillumination, diminished circulation. 
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Table I 






TYPE OF 


DATE OP 

NAME 

AGE i 

SEX 

DIAGNOSIS 

OPERATION S 

DATE 

ANGIOGRAPHY 

1. F. 0. 

25 

M 

Right pulmonary 

Pneumonectomy, 

Feb. 2, ’46 

Jan. 1, ’47 




tuberculosis 

right 


June 13, ’50 

2. D. H. 

38 

F 

Right bronchiectasis 

Pneumonectomy, 

Jan. 29, ’43 




and abscess 

right 


Oct. 13, '50 

3. R. M. 

18 

AI 

Cyst, upper left lobe 

Lobectomy, up- 

' June 3U, ’49 

4. N. V. 

20 

M 

Cyst, right upper 

per left 
Lobectomy, up- 

Nor. 15, ’49 

May 26, ’50 




lobe 

per right 


May 30, ’50 

5. E.H. 

34 

F 

Cysts, upper and 

Lobectomy, up- 

Feb. 9, ’50 




middle lobes 

per and middle 


April 15, ’50 

G. I. E. 

30 

M 

Bronchiectasis, lower 

Lobectomy, lower 

March 2, ’50 




and middle lobes 

and middle 


May 22, ’50 

7. Q.L. 

26 

M 

Cyst, upper right 

Lobectomy, up- 

April 22, ’50 

S. C.G. 

45 

M 

lobe 

Bronchiectasis, lower 

per right 
Lobectomy, lower 

July 10, ’50 

Dec. 7, ’50 




and middle left 

and middle 


Aug. 17, ’50 

9. M.S. 

35 

j\I 

Abscess, upper right 

Lobectomy, up- 

Nov. 18, ’50 




lobe 

per right 


Oct. 31, ’50 

10. J.Z. 

18 

M 

Inflammatory steno- 

Lobectomy, lower 

July 15, '50 




sis, lower left 
bronchus 

left 


Dec. 13, '50 

11. R. B. 

29 

F 

Pulmonary tubercu- 

Lobectomy, lower 

Sept. 19, ’50 




losis, right lower 
and middle 

middle 


Dec. 15, ’50 

12. M.V. 

26 

M 

Right pulmonary 

Pneumonectomy, 

Novj27, ’50 




tuberculosis 

right 


Dec. 20, ’50 

13. A. A. 

50 

F 

Carcinoma, lower 

Lobectomy, lower 

Dec. 5, ’50 




left bronchus, also 
abscess 

left 


_- 


DISCUSSION 

In the eases we studied no method was used to fill the cavity reniainWo 
after pneumonectomy or lobectomy; instead the rest of the pulmonary tissue 
was left to re-expand and fill the spaee left after the operation. We observe 
that in all cases the lung’ tends to expand, thus representing more tissue surface 
to be supplied, as demonstrated by angiography, with the same number of blooc 
vessels since these are unable to multiply themselves, giving rise to a respiratoij 
insufficiency in the affected lung. 

We observed also' that both the pulmonary artery and mediastinum teiR 
to be displaced toward the pneumonectomized side, and that such a displace¬ 
ment, also found in cases of postoperative complications, is more marked as 
time passes. 

In the cases with pneumothorax there is no alteration of the pulmonary 
vessels, since the presence of the pneumothorax acts to prevent the overexpansion 
of the remaining pulmonary tissue. 

CONCLUSIONS 

1. We use angiography as a method of studying The function of the lung- 

2. With this method we are able to observe the alterations which pulmonary 
resection produces in the mediastinum. 

3 The angiogram gives information as to the state of the mediastinum and 
ulmonary vessels when the patient lias developed postoperative complications. 
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4. The mediastinal displacement is more marked the longer the time be¬ 
tween pneumonectomy and the angiographic study. 

5. Allowing the rest of the lobes or the other lung to re-expand and fill in 
the cavity left after lobectomy or pneumonectomy gives rise to a state of 
respiratory insufficiency. 

6. The substitution of the lung tissue extirpated by a collapse method may 
be useful to prevent the total re-expansion of the rest of the pulmonary tissue. 

7. We condemn pneumonectomy from a functional point of view, and ad¬ 
vocate the extirpation of as little pulmonary tissue as the disease may allow in 
order to prevent respiratory insufficiency. 

SUMMARY 

Thirteen cases of pulmonary resection (lobectomy or pneumonectomy) are 
presented in which angiographic studies were made. After pneumonectomy, 
the mediastinum is found to be displaced toward the operated side. Such a 
displacement is more marked the longer the time between the operation and the 
time in which angiography is performed. In lobectomized patients there is a 
diminished blood supply to the rest of the lobes as shown by the angiograms. 
In all eases there is an overdistention of the other lung after pneumonectomy, 
or other lobes after lobectomy. 
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SPONTANEOUS CONTRALATERAL PNEUMOTHORAX 
COMPLICATING THORACIC SURGICAL 
PROCEDURES 

Thomas J. Beno, M.D., and Wilson Weisel, M.D. 

Wood, Wis. 

T HE general trend of reduced mortality and morbidity following thoracic 
surgical procedures during the past two decades has created a challenge for 
the further betterment of operative results. This report is being made to record 
additional cases and re-emphasize the potential danger of an uncommon serious 
postoperative complication which, if recognized and treated promptly, can 
favorably alter the course of the few patients in whom it may occur. 


REVIEW OF LITERATURE 


A review of the surgical literature reveals relatively few references to 
spontaneous contralateral pneumothorax following thoracic operations, hi 
1936, Coryllos and Ornstein 3 reviewed the complications of the surgical treat¬ 
ment of bilateral pulmonary tuberculosis and discussed a situation which was 
similar in some respects to the complication Avhich forms the basis for this repoit. 
In performing thoracoplasty on a group of patients with bilateral tuberculosis, 
an artificial pneumothorax was maintained on the opposite side. Twenty-two 
instances of superimposed collapse of a spontaneous nature occurred on the con¬ 
tralateral (pneumothorax) side in the postoperative period, four deaths re¬ 
sulting as a direct consequence of this complication. On the basis of thoraco¬ 
scopic examinations, the etiologic mechanism was found to be an apparent 
rupture of an emphysematous bleb on the surface of the partially collapsed 
lung. This mechanism is taken up subsequently in the discussion of etiology- 
However, we are concerned at the present time with the incidence of spontaneous 
pneumothorax, with or without a tension factor, on the contralateral side or 
“good lung.” 

Stephens’ 8 report is the earliest available description in detail of contra¬ 
lateral pneumothorax following intrathoracic operations. (See Table I and 
the review of reported eases.) 

In his detailed review of 345 cases of bronchiogenic carcinoma, Bjork 2 
analyzed the operative complications in 152 cases in which thoracotomy was 
performed. No instance of contralateral pneumothorax was recorded. Like¬ 
wise, an earlier report by Ochsner and DeBakey 7 on surgical considerations of 
carcinoma of the lung failed to mention any encounter with this unusual post- 
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_ CASE _ 

1. Stephens—Case I 

2. Stephens—Case II 

3. Stephens—Case III 

4. Aleliek and Gutekunst 
a. Gleason and Kent 

ti. Case I (this report) 

7. Case II (this report) 

5. Case III (tills report) 


I POSTOPERATIVE I 
OCCURRENCE OP | 

OPERATION ! PNEUMOTHORAX OUTCOME 


Exploratory thoracotomy 

Left pneumonectomy 

Lobectomy, right lower 
lobe 

Left pneumonectomy 

Lobectomy, left lower 
lobe 

Lobectomy, right upper 
lobe 

Opeu thoracotomy drain¬ 
age, right 

Thoracoplasty, right, 4th 
(anterior) stage_ 


Operative day Died 

Operative day Died 

Operative da}' Survived 

(50 days postopera- Survived 
five 

3rd postoperative Survived 
day 

2nd postoperative Survived 
day 

10th postoperative Died 
day 

33rd postoperative Survived 
day__ 


TENSION 

FACTOR 

Present 

Present 

Present 

Present 

Absent 

Present 

Present 

Absent 


operative episode. Alexander’s 1 text on the collapse therapy of pulmonary 
tuberculosis mentions the possibility of spontaneous pneumothorax occurring 
on the contralateral side during artificial pneumothorax treatment. He states 
that an immediately perilous condition may develop, and several cases are de¬ 
scribed in which this situation occurred. However, contralateral spontaneous 
pneumothorax is not referred to in the discussion of thoracoplasty complications. 

Ho re recent references in the literature are devoted mainly to the few case 
reports listed in Table I and described in some detail below. 

The apparent infrequency of this complication may be due to several fac¬ 
tors. The cause for sudden death' of a patient in the early postoperative period 
may not be elucidated without autopsy examination; hence, failure to recognize 
the actual mechanism involved. Further, without ante-mortem suspicion or 
outright diagnosis, the pathologist s report may include the findings of “com¬ 
plete atelectasis” or “massive eollapse” of the lung without specific effort being 
made to carefully scrutinize any small emphysematous blebs or the integrity and 
continuity of the mediastinal wall. 

Table I lists the eases available for study and review including the three 
patients described in this report. A brief summary of each ease follows: 

Stephens’ first ease followed a left exploratory thoracotomy for inoperable 
carcinoma. Five hours postoperatively subcutaneous emphysema appeared, and 
fen hours later the wound was reopened with the demonstration of an open 
bronchus. Closed tube drainage was used, but the patient died twenty-five 
hours postoperatively and the diagnosis of a collapsed opposite lung was made 
at autopsy. 

In the second case reported by Stephens, a left pneumonectomy was per¬ 
formed on a 40-year-old man for bronchogenic carcinoma. The patient died 
at the completion of the operation when turned over on his back. Autopsy 
showed the right lung entirely collapsed. 

Stephens' third case occurred after a right lower lobectomy for bronchiecta- 
^ m a 10-year-old boy. 'When found that forced positive pressure by the anes- 
. was necessary for completion of the operation, a needle was inserted into 
e left thorax and free air found. This patient survived. 
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It was assumed that the etiologie factor in each of these three cases of con¬ 
tralateral pneumothorax was a communication to the unoperated side through a 
probable tear of both layers of the mediastinal pleura. However, such a tear 
could not be demonstrated in the two eases which came to autopsy. 

Melick and Gutekimst® reported a case in which a left pneumonectomy was 
done for tuberculosis complicated by bronchiectasis. Early in the postoperative 
course marked cardiac arrhythmia occurred which was eventually converted 
to normal. Sixty days following the operation sudden severe dyspnea developed. 
Apparently atelectasis was considered the most likely diagnosis, and bronchos¬ 
copy performed. However, no evidence of obstruction was found, and the 



Fig. 1.—Case 1. Preoperative roentgenogram of the chest prior to right upper lobe lobectonO* 
The left lung presented no abnormal findings. 

diagnosis of contralateral tension pneumothorax was confirmed when the chest 
tap was done. Initial aspirations of air gave only temporary relief of dyspnea 
so that closed catheter suction was utilized and maintained for thirteen days. 
Thereafter, the lung remained re-expanded, and recovery was uneventful- 
A ease has been described by Gleason and Kent 4 in which a left lower lobe 
resection had been performed for bronchiectasis with the appearance of a right 
spontaneous pneumothorax on the third postoperative day. The patient mani¬ 
fested only moderate dyspnea without cyanosis. When conservative therapy 
was ineffective, the chest was opened nineteen days later and a leaking emphy¬ 
sematous bleb excised. Recovery followed. The authors stated that tension 
pneumothorax with mediastinal shift did not occur, but, had it been present, 
the respiratory embarrassment would undoubtedly have been much more marked. 
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REPORT OF CASES 

The three cases to be described in some detail occurred on the thoracic 
surgery service of the Veterans Administration Hospital, AVood, Wisconsin. 
Two of the cases were observed within a relatively short period of time, and our 
attention was directed to the dangerous potentialities of this operative compli- 
cation. 



Fig. 2.—Case 1. First postoperative day film following right upper lobectomy sliOAving satis- 
factory re-expansion on the right and a nonnai-appearing contralateral lung. 


Case 1.—R. F. (YA Xa . 125 216), a 53-year-old white man, had had a seven-rib right 
thoracoplasty for tuberculosis completed in 1947. His sputum remained negative until 
November, 1949, when it again became positive (Fig. 1). Resectional surgery was recommended 
but delayed because of a surprisingly low respiratory reserve. The ventilatory studies revealed 
the following: 


Reserve air 
Complementary air 
Vital capacity 

Maximum breathing capacity 

Ilronchospirometry showed 25 per 
left. 


644 Expected MBC 102.4 

1577 Per cent of expected 50% 

2033 Walking ventilation 13.22 

51.06 W. V./ilBC 0.26 

cent oxygen consumption on the right, 75 per cent on the 


A right upper lobectomy was performed (W. W.) on Jan. 31, 1951, under general 
anesthesia with endotracheal intubation. The operation was completed without unusual event, 
u 1( " as specifically noted that the mediastinal wall was fairly rigid and ‘•'frozen.” The 
postoperative condition was satisfactory, and the portable bedside roentgenogram showed 
oOod expansion of the right middle and lower lobes and the left lung to be negative. The 
postoperative day was likewise uneventful with two drainage tubes functioning well with 
connection to water sealed drainage bottles (Fig. 2). On the morning of the second post- 
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operative day, the temperature was recorded as 98.6° F,, pulse rate 120 per minute, and 
moderate dyspnea noted, with slight subcutaneous emphysema of the neck extending up to the 
left side of the face. At 4:00 p.ai. in the afternoon the dyspnea became marked, cyanosis 
evident, and little relief afforded by an oxygen mask conveying 8 liters per minute. Cursory 
examination showed the drainage tubes on the right (operative side) to be open and function¬ 
ing; the left chest was tympanitic with evidence of mediastinal shift to the right, the point of 
maximum cardiac impulse being palpated at the left border of the sternum. During the 
examination the patient’s condition became progressively' more critical with extreme dyspnea, 



Fig. 3.—Case 1. Roentgenogram taken on the 6th postoperative day, four days after , 
spontaneous contralateral pneumothorax. The catheter car. be visualized in the lett pieu 
space. Note the right lower lobe atelectasis requiring bronchoscopic aspiration. 


leading to gasping, infrequent respiratory efforts, unconsciousness, and a weak almost mi 
perceptible pulse. The portable x-ray machine was set up in the recovery room, but the 
actual flint was not taken when the diagnosis was realized, with the fear that the few minutes 
spent adjusting the cassette and the machine would be disastrous. Immediate thoracentesis 
was carried out in the second left interspace anteriorly'; free air under pressure was found m 
the pleural space. With negative suction on the needle, large volumes of air were aspirated, 
and a trocar was inserted just lateral to the needle allowing installation of a catheter con¬ 
nected to continuous suction with an intervening water seal bottle. Dramatic improvement 
followed, and within twenty minutes the patient recovered sufficiently to speak, remove his 
oxygen mask, and cough. Subsequent portable roentgenograms showed almost complete 
re-expansion of the left lung with the catheter in place (Fig. 3). The patient’s condition 
remained critical, however, for the next few days with atelectasis developing in the right 
middle and lower lobes necessitating daily bronchoscopic aspiration. After progressive elear- 
' o- of the ri'dit side, continued expansion of the left side, and loss of the subcutaneous 
B 1 vsema the tubes were removed from the right side on the fourth postoperative day and 
the^ catheter from the left side on the eighth postoperative day. Three hours after the 
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catheter front the left pleural space had been removed, signs and symptoms oi recurrence 
of the left tension pneumothorax and mediastinal shift became apparent. Being prepared 
for this possibility a roentgenogram was obtained and a catheter reinserted promptly (Fig. 
4 ). Following this episode, the catheter suction was maintained for twelve days, and. follow¬ 
ing removal, the left lung remained fully expanded with progressive recoven (Fig. 5). 

Gross examination of the surgically removed lobe revealed a tuberculous cavity 1.5 cm. 
in diameter. Over the apical portion multiple small bullae and bleb? measuring 0.5 cm. in 
diameter were found. Micro sections revealed tuberculosis, and. peripherally, marked 
emphysematous changes with dilatation of the alveoli and rupture oi the alveolar sac?. 



4-—Case l. Recurrence oi the pneumGthorax on the left following removal of the intra¬ 
pleural catheter on the eighth postoperative day. 

Case 2.—G. K. (Ta Xo. 120 540 j. a 33-year-old white man, was admitted to the thoracic 
-nrgieal service with a right empyema treated at another hospital by open thoracotomy drain- 
a ge. A bronchopleural nstula had developed, and the right lung was but 50 per cent expanded. 
The patient was chronically ill, and his subsequent course was a long and difficult one. On 
Dec- 1950, a decortication of the right lung and a right middle lobectomy (YE TV.) were 
performed. A stormy postoperative course followed with retraction of the lung and aeeum- 
raulation of pleural tiuid (Fig. 6 ). Open thoraeotomy became essential, and this was done 
on Feb. 13, 1951. A large Fryer type rubber tube was used to maintain tbe open drainage 

•sod the postoperative course was satisfactory, with progressive improvement in his general 

condition. On the tenth postoperative day at 4:30 p.m. he noted persistent mild dyspnea 
tod. following his evening meal, the dyspnea suddenly became severe. TThen seen by the 
resident physician he was sitting up in bed, breathing with extreme difficulty; no cyanosis 
wa? evident, the pulse rate was 120 per minute, and regular. Examination ox the left chest 
reve-> oi some dame?? to percussion over the left paravertebral region, distant breath sounds 
wit!l E0 r ^ lei or other adventitious sounds, and evident use of the accessory 

^ 01 respiration. Oxygen therapy was begun as soon as the patient was seen, and a 

'° rt “ !e k’Msrde chest roentgenogram was taken. Dyspnea increased and cyanosis appeared. 
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With a tentative diagnosis of tracheal or bronchial obstruction, an attempt was made to pass 
an endotracheal tube but was unsuccessful due to the onset of convulsive movements with 
muscle rigidity. A tracheotomy was performed immediately, endotracheal suction being 
instituted along with artificial respiration. lie failed to respond to these measures, and died 
approximately fifteen minutes after the onset of the acute symptoms. The roentgenogram 
mentioned above (Fig. 7) was not developed in time to be read before the patient’s demise. 



Fig. 5.—Case 1. Full re-expansion of the left lung after a total of eighteen days’ intrapleuial 

catiieter suction. 

Autopsy examination was preceded by the usual method of demonstrating tension 
pneumothorax: an incision over the left second interspace anteriorly with elevation of the 
wound edges produced an excavation which was filled with water. Incision through the 
intercostal muscles and pleura allowed sudden outward gushing release of the air under 
tension. The left lung was found completely collapsed. Over the apex of the left upper lobe, 
numerous small emphysematous bullae were present, one of which, measuring 1.3 cm. w 
diameter, was found to be ruptured. The site of rupture was immediately adjacent to the 
attachment of a narrow adhesive band, the opposite end of the band being fixed to the parietal 
pleural surface in the apical area. No tear of the parietal pleura couhl be found. After 
removal of the left lung, re-expansion under water demonstrated the exit of air from the 
ruptured site. 

Case 3.—E. M. (VA No. 105 474), a 29-year-old white man, who had a diagnosis of 
pulmonary tuberculosis made in 1943. As a patient in a U. S. Naval Hospital, artificial 
pneumothorax on the left was instituted in March, 1943, and maintained until February, 1D4S. 
Pneumonolysis was carried out on the left in May, 1943, and again in July, 1943. The sputum 
d <mstrics had become negative following collapse therapy and remained negative until 
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Chest roentgenogram prior to open thoracotomy drainage on the right. The 
left lung appeared normal. 
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Thtip inis P at ' ent " us admitted to Wood Veterans Administration Hospital in 

’ .. . ’ f " nC 1 time tIle left artificial pneumothorax was discontinued. Re expansion 
as satisfactory and subsequent roentgenograms revealed fibrocaseous tuberculosis involving 
t ngi upper ung, with several areas suggestive of cavitation. A course of streptomycin 
n ‘ /!' en , and " ght tIlora ' ; oplasty recommended (Pig. S). A six-rib right thoracoplasty was 
nf i r n ^ a ° eS ’ bein S une 'cntful, up to his ninth postoperative day when he complained 
. ^ ? ea " uoroscopy leiealed a left pneumothorax which responded favorably to one 
foil >* °er ^ " aS C0I,1 P let ely re-expanded. On the thirty-third postoperative day 

liS <lst s ^ l S e > the pneumothorax recurred (Fig. 9) and, although symptoms were 
minimal, it required three successive aspirations for re-expansion. 





With regard to the etiologic factors involved in the production of a spon¬ 
taneous contralateral pneumothorax in the postoperative period, several mecha¬ 
nisms have been proposed. Stephens* maintained that each of his three cases 
was due to communication through the mediastinal wall, although the site could 
not be demonstrated m the two cases which were examined post mortem. 
Knoepp, 5 m discussing the importance of various mechanical and circulatory 
postoperative pulmonary complications, devoted some attention to spontaneous 
pneumothorax, but the only reference to contralateral tension pneumothorax 
following thoracic surgical procedures was a direct notation of Stephens’ work 
He also believed the mechanism was undoubtedly due to tearing the mediastinal 
pleura during the operative dissection. Melick and Gutekunst 6 did not surest 
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what the causative factor might have been in their cases. On the othei hand, 
a ruptured emphysematous bleb was proved to be responsible in Gleason and 
Kent’s 4 report. We have considered this latter mechanism to be the most feasi¬ 
ble in each of the cases reported herewith. 

In Case 1, several possibilities had to be considered: (1) an air leak at the 
lobectomy site with communication through both layers of mediastinal pleura; 
(2) a pleural tuberculous lesion on the contralateral side; and (3) a ruptured 
emphysematous bleb with or without an adjacent adhesive band and simultane¬ 
ous parietal pleural tear. After consideration of the various aspects of the 
ease and review of the operative and pathologic findings, the third mechanism 
seems most appropriate. In Case 2, this mode of production of the pneumo¬ 
thorax was adequately demonstrated at autopsy as described above. Acceptable 



Fi S. 9. Case 3. Spontaneous con'ralateral pneumothorax on the left occurring thirty-three 
uays following the last stage of thoracoplasty on the right. 

evidence of the mechanism involved in Case 3 was lacking for a long time until 
, e patient returned to the surgical service for collapse therapy for disease in 
le * elt ' apex - During the course of preliminary intrapleural poudrage and sub¬ 
sequent extrapleural lucite ball plombage, several large blebs were visualized in 
le ap ’ ca l ai 'ea, the presence of which allowed circumstantial although indirect 
in oof of the etiology of his previous spontaneous pneumothorax. Hence, on 
f ° asi ® of olu> experience with these few cases and the additional cases available 
^ 1 ? tudy ’ we believe that the ruptured emphysematous bleb assumes a pre- 
ominant role in the etiology of this serious postoperative complication. 
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Alexander, 1 in discussing perforation of the lung, lias stated that any 
diagnostic measure which is not at the same time capable of relieving the symp¬ 
toms of respiratory embarrassment is contraindicated. This statement implies 
that clinical indications must suffice to warrant the confirmatory diagnostic and 
likewise therapeutic application of immediate thoracentesis. Roentgenograms or 
fluoroscopy permit the loss of valuable time, and occasionally a patient’s life. 
The validity of Alexander’s statement is well demonstrated in Cases 1 and 2. 
In the first case the portable x-ray machine was actually being adjusted in the 
recovery room when the danger of the “time lost” factor was realized and 
definitive treatment carried out on the basis of the physical findings. In the 
second case, where death supervened fifteen minutes after onset of severe symp¬ 
toms, the clinical picture was thought to be due to an obstructed airway and 
the patient treated accordingly. Time was taken to obtain a bedside roentgeno¬ 
gram of the chest, but the patient expired even before the film could be developed. 

Treatment is simple and effective. Decompression of the pleural space by 
immediate thoracentesis with any large needle allows release of the high intra¬ 
pleural pressure, correction of the mediastinal shift, and prompt relief from 
the severe subjective symptoms. Subsequent placement of an intrapleural 
catheter provides a satisfactory method of evacuating the air and connection 
to a continuous suction device. Thereafter, the management of the situation 
corresponds to that of any ordinary valvular pneumothorax. 

SUMMARY 

1. Three cases of contralateral spontaneous pneumothorax following tho¬ 
racic surgical procedures are described. The few instances of this operative com¬ 
plication previously reported arc also reviewed. 

2. Additional basis for the concept of the ruptured emphysematous bleb 
as an etiologic factor is recorded. 

3. The awareness of the possibility of this serious complication by the 
thoracic surgeon and the resident physician is necessary to avoid mortality. 
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INTRATHORACIC MENINGOCELE: EXCISION, "WITH THREE 
AND ONE-HALF YEARS FOLLOW-UP 

P. ClAGLIA, M.D. 

Utica, N. Y. 

W ITH the ever-increasing use of mass roentgenogram surveys of the chest, 
appreciable numbers of asymptomatic tumors are being detected. A not 
uncommon diagnosis is neurogenic tumor of the posterior mediastinum for 
which excision is usually recommended. 

The following ease, which was diagnosed as a neurofibroma of the 
posterior mediastinum, turned out to be an intrathoraeic meningocele. The 
patient has been followed for three and one-half years after operation. 

CASE REPORT 

E. E., a 31-vear-old white woman, following a chest survey which had been done at 
the cotton mill where she worked, was told to see her doctor, since a tumor was seen on 
a roentgenogram. 

On close questioning, the only symptom admitted was • ; occasional stiffness of the 
neck” which was mild. In addition she stated that she had had two roentgenograms of her 
chest previously in Army surveys while she was employed as a civilian helper in an army air 
depot, once in 1944 and once in 1945 (two and three years previously). She had never been 
notified that anything abnormal had been found. Those roentgenogram or reports could 
not be obtained. 

Hast History.- —Childhood: measles and mumps. Ever since birth small skin growths had 
been present almost all over the body. One maternal aunt and one paternal aunt had had 
similar lesions all their lives. The patient had no children. In 1939 appendix and “tumor 
of ovaries' ’ were removed. 

Examination. —(July 2, 1947.) The skin exhibited a typical picture of disseminated 
neurofibromatosis (Von Recklinghausen's disease). Head: The eyes were examined with 
particular reference to any degree of Horner’s syndrome, but were entirely negative. Xotliing 
else of note. Xeck: Slightly deviated to patient's right. Chest: Slight dullness at the left 
apex with somewhat diminished breath sounds in this region. Heart was normal, blood 
pressure 110/70, left arm: 105/05, right arm. Vital capacity was 3.S liters. Abdomen: 
Liver and spleen were not palpable. Xo masses or tenderness were present. Extremities: 
Xo neurologic findings of any kind in upper or lower extremities were found. There was no 
clubbing. Laboratory: Blood and urine examinations were normal. Hoentgenogram: See 
Figs. 1 and 2. 

Homogeneous density was present at the apex of the left chest, merging with mediastinum 
and revealing a sharply defined outer border. The lesion extended to the level of the sixth 
interspace posteriorly. Lateral films showed it to fill the whole apical region. Films for 
alter bone definition (see Figs. 3 and 4) showed angular scoliosis with bony deformities of 
t e seventh cervical and first thoracic vertebrae. The left halves of the seventh cervical 
and first thoracic vertebrae appeared to be narrowed or compressed. In retrospect, this 
area probably represents bone defect and/or widening of the foramina. 

Fluoroscopy: Large dense mass was present filling the whole left apical region. Lower 
y u ’ e , was sharp, with no pulsation. There was no change in outline on cough or straining, 
of mediastinum on forced expiration was noted. The diaphragm moved well. 

: Mcmor'i r ai m Divis io m <!Part " ient o£ Thoracic Surgery, St. Luke's Memorial Hospital Center. 
Received for publication July 27. 1951. 
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Preoperative Diagnosis. —(1) Multiple neurofibromatosis with large neurofibroma of 
posterior mediastinum (possible dumbbell type). (2) Bony deformities of the seventh cervical 
and first thoracic vertebrae, secondary to (1). 

Operation was performed on July 1C, 1917, at the Utica Memorial Hospital. 

Description of Operation. —Under endotracheal cyclopropane anesthesia a high left 
posterolateral transpleural approach was used. 

The fifth rib was removed subperiosteally from its angle to about the anterior axillary 
line. The pleura was entered through the bed of the resected fifth rib. The tumor appeared 
to occupy the whole apical region, and the lung was adherent to the entire lower aspect of the 
tumor. By combined blunt and sharp dissection, the lung was peeled away from the mass. 
This was done extrapleurally, as the lung was adherent to the parietal pleura overlying the 
mass. 


During the liberation of the mass, it was noted that it was soft and fluctuant. Ten cubic 
centimeters of crystal-clear fluid were freely aspirated and, since it was suspected that this 
might be spinal fluid, it was saved for examination. It was decided to aspirate more of the 
fluid so as partially to collapse the sac and give better access to the pedicle. 

About 120 c.c. of crystal-clear fluid were slowly withdrawn with no untoward reaction. 

With the sac partially collapsed, the pedicle was easily approach, and could be felt to 
be coming from a bone defect in the anterolateral aspect of the vertebral column in tin 
region of what we judged to be. the first and second thoracic vertebrae. Two fingers could 
be placed just within the defect, the long axis being parallel to the long axis of the vertebra 
column. A double ligature of No. 1 chromic catgut was placed around the pedicle and drawn 
down tight at the base where it came out of the defect of the vertebral column. 

The sac was cut oft', leaving a liberal central stump to use in repair. Inspection revealed 
a slight leak of fluid just proximal to the ligature where there seemed to be a small tear. This 
was carefully repaired with No. 00 chromic catgut on an atraumatic needle. The defect wa- 
strengthened by suturing some pieces of parietal pleura over it after several sutures had been 
taken from the stump of the ligated sac to the near-by periosteum. Finally, strips of oxyct 
were laid over the whole area. Usual layer closure was done. 

Comment: The sac contained at least 200 c.c. of crystal-clear fluid, and it was tougi 
and resistant though thin. 

Postoperative Course. —The patient did very well She was watched closely for any 
signs of leakage of spinal fluid, but at no time did she complain of headache or other unusua 
symptoms As a precaution she was kept in a lying position for the first twenty-four hours 
and then raised to a semisitting position She was ambulant on the third postoperative day. 

A Horner’s syndrome was noted postoperative]}’. Within about one week the teni 
perature changes had become mild but the eye findings remained. 

Analysis of the specimen of fluid removed from the sac was as follows: 


Specific gravity 1.004 

Sugar 96 

Chlorides 720 

Total proteins 43.6 

Cells None 


One of the fleshy skin tumors removed from the back at the end of the operation showed 
it to be a neurofibroma. 

The microscopic examination of the sac was compatible with that of dura with some 
nerve fibers attached on the outer aspect. 

Final Diagnosis. —(1) Intrathoracic meningocele; (2) congenital bony defects of bodies 
and foramina of the seventh cervical and first thoracic vertebrae, with herniation of dural 
sac; (3) multiple neurofibromatosis. 

Follow-Up .—The patient was last examined on Alar. 14, 1951. She presented no cow- 
nlaints A Horner’s syndrome of moderate degree was still present. The last roentgenogram 
(see Fig. 5) showed no evidence of recurrence. 
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PREVIOUS REPORTS 

At the time of operation, July 2,1917, « hall 
in the chest, and postoperative!;. we were quite uneasy as to> hefl,ei exe mon o 
the sac had been the correct procedure or whether rt t o l l tate been^ 
have backed out without disturbing it aftei the 

apparent.^ ^^ ^ Kport! o£ simik rly operated cases which w ,1 could obtain 

were those of Polil, 1 in 1933, of which we were able to get an abstiact in 0 > 

IS of Me and associates.- It is of interest that Pol,Vs patient also had 
neurofibromatosis, and that the preoperative diagnosis was intratl.oraeic nemo- 



Rig. 5—Last Mm over three and one-half years after surgery, showing no evidence of re- 

currence. 


fibroma. The chest lesion had been detected on an x-ray examination taken 
because of persistent cough following a mild attack of grippe. The patient, a 
woman, was operated upon, the sac excised, and a strip of muscle was used to 
cover the defect in the bone and the exposed spinal cord. However, post- 
operatively she developed an empyema which caused her death. 

The ease described by Ameuille, Wilmoth, and Kudelski- is of marked 
interest since the patient had had an x-ray examination eleven years previously, 
preoperative thoracoscopy was done, and a detailed autopsy description of the 
lesion is also given. Their patient was a IS-year-old woman, who for five years 
had complained of headaches, mild malaise, and weakness, and was considered a 

psychoneurotic. 
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Ill 1929 Duval had done an Albee graft because of lumbodorsal pain asso¬ 
ciated with kyphoscoliosis. X-ray study on her recent admission (1940) re¬ 
vealed a rounded shadow at the right base with well-defined borders, about 8 
cm. in diameter. The lateral view placed it posteriorly and showed a rounded 
area of rarefaction in the body of the ninth thoracic vertebra. Artificial pneumo¬ 
thorax was done, and a thoracoscopic examination revealed what was thought 
to be a hydatid cyst. 

Operation was performed, using a transpleural posterolateral route. The 
sac was easily detached from the right side of the spine, and at that time a 
punched-out opening was noted on the lateral aspect of the eighth and ninth 
thoracic vertebrae. “As it is not possible to close the openings in the vertebrae 
with the pleura, one simply dries the right hemithorax; the parietal pleura is 
sutured hermetically with all the parietal layers.” The patient died on the 
eighth day with signs of meningitis and pleural exudate infected with 
Staphylococcus aureus. 


The authors felt, in retrospect, that if the preoperative diagnosis had been 
made they could have emptied the sac and then used it, at least temporarily) 
to close the vertebral openings and so avoid the leakage of spinal fluid whic 


they felt led to the death of their patient. 

The next surgical cases that we became acquainted with were three which 
were presented in a paper by Byron and co-wmrkers 3 at the meeting of t 10 
American Association for Thoracic Surgery in May, 1948. Several discussers 
also presented cases. The published paper will be referred to later. 

Shortly after this, we found the report of Welch, Ettinger, and Hechtd 
They reviewed the literature and presented a successful operative case of tb eu 
own. In their search, only three reported cases of intrathoracic meningocele 
were found, two of them being the cases of Polil and Ameuille, previously 
mentioned above. These writers also pointed out that their own, and two of 
the three reported cases, occurred in individuals with neurofibromatosis. At 
operation they excised the sac at the neck, closed the dura with interrupted 
silk, and covered the defect with a pedicle graft of the intrinsic dorsal 
musculature which was sutured to the edges of the intervertebral foramen. 
Their patient was a woman aged 41 years. 

The next reported surgical case was that of Mendelsohn and Kay. 5 Once 
more the preoperative diagnosis was neurofibroma, in a woman patient with 
generalized neurofibromatosis. At operation the sac was opened widely, and 
the defect in the subarachnoid space was closed by imbricating the cyst wall 
and the parietal pleura with interrupted silk sutures. A small amount of talc 
was sprinkled over the pleura in this area to promote fibrosis. Roentgeno¬ 
grams “nine days and one month after the operation showed a complete recur¬ 
rence. X-ray pictures one year later showed a complete regression, and the 
patient continues to be well except for low back pain with sciatic radiation 
su ,T °estive of herniated vertebral disc.” The patient refused further study. 

Mendelsohn and Kay also pointed out the association with neurofibro¬ 
matosis, and noted the high incidence in women. They referred to a personal 
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communication with S. 0. Freedlander, in which the latter stated that he had 
operated on a middle-aged woman with cutaneous neurofibromatosis who had 
a meningocele projecting into the posterior mediastinum. Kay observed an 
intrathoracie meningocele as an incidental finding at the autopsy table, but 
no mention was made of sex or the presence of neurofibromatosis. 

The last published report is the complete paper by Byron, Ailing, and 
Samson 3 which, as stated above, had been read in Hay, 1948, at the meeting of 
the American Association for Thoracic Surgery. They review the literature 
thoroughly, and the reader is referred to their article for the bibliography and 
further details of previously reported cases with the exception of those of 
Welch and associates, and Mendelsohn and Kay. Byron and co-workers 
operated on three patients, again with a preoperative diagnosis of neuro¬ 
fibroma of the mediastinum. One male patient had neurofibromatosis with 
cafe an Jait spots, and another patient had cafe an Jait spots but no neuro¬ 
fibromatosis. Bony changes of the vertebral column and ribs were present in 
two of the individuals. 


Their first patient was treated by utilizing a portion of the cyst wall or dura 
as a flap to close the defect. This was then covered by a free pleural graft and a 
layer of Gelfoam. Postoperatively the patient experienced mild intermittent 
headache, but did well, and continued so after discharge. In their second 
patient no effort was made to treat the sac found at operation. The diagnosis of 
meningocele was confirmed by injection of Pantopaque into the sac and then 
visualizing it in the spinal canal. In their third case, a 61-year-old man, the 
cyst extended high into the neck, being embedded in the lower roots of the 
brachial plexus, making the exposure very difficult and resulting in considerable 
bleeding. Cardiac arrest occurred with no response to massage, etc. 

In their review of previous cases, they mention the patient of Pohl, who 
died of empyema and meningitis; the patient of Ameuille and associates, who 
also died postoperatively of empyema and meningitis; a ease reported by 
Schuller and Liberal!’ diagnosed by myelography. 


In the discussion of the paper of Byron and associates. Jerome Head 
reported an additional ease in a 43-year-okl man on whom a routine film of 
the chest revealed a globular tumor adjacent to the spine. Simultaneous 


puncture of the tumor and spinal canal revealed that withdrawing fluid from 
the tumor lowered the pressure in the spinal canal, and withdrawing fluid from 
the spinal canal lowered the pressure in the tumor. Examination of the speci¬ 
mens showed them to be comparable in appearance, cell count, and chemical 
analyses. Diagnosis of intrathoracie meningocele was made, and the patient 
" as operated upon. 


DISCUSSION 

Surgical Indications .—From the surgical viewpoint the important question 
T~'n lhlS leS ‘ 0n 18 dia S nosed preoperatively or encountered at thoracotomy, 
s l0U ( *t be attacked surgically or left alone? 

Mei mi ek , h Und e ° llabol ' ators apparently feel that surgery is warranted, but 
1 e sohn and Kay state, “AVe are in doubt as to the advisability of operating 
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on this type of lesion unless it shows progressive enlargement or causes symp¬ 
toms. The defect is difficult to repair satisfactorily and might be associated 
with a high incidence of recurrence. It is felt that this is an innocuous tumor 


which is difficult to cure surgically, and that surgical interference is not 
indicated if the patient is asymptomatic.” 

Byron and associates were of the opinion that “in patients with relatively 
small sacs, operation is probably not justified unless serial chest roentgenograms 
reveal progressive enlargement to the point of progressive respiratory embarrass¬ 
ment. ” In the discussion of his paper Byron stated, “I think there is some 
importance in making a preoperative diagnosis, because I do not believe opera¬ 
tion is indicated in all cases. In the first place with a large bony defect, it is 
questionable in many cases whether the defect can ever be satisfactorily closed, 
and, second, since I believe that the meningocele is a herniation of the dura, I 
see no reason why herniation cannot recur.” 

To the writer it seems reasonable enough to assume that surgery is indi¬ 
cated in a patient having symptoms. It also appears logical to defer surgery 
and follow the patient roentgen ©logically if the diagnosis is made preopeia- 
tively and the patient is asymptomatic. If the sac shows progression it won ( 
seem advisable to operate early to avoid technical difficulties which are greatei 
in the large-sized sacs with marked bony erosion. 


However, if the lesion is undiagnosed and encountered at thoracotomy, 
we feel that it should be treated surgically and not left alone. This attituc e 
appears justified because a study of the reported cases and our own points 
to the fact that this is a progressive lesion. In our patient two previous suivej 
films were supposedly negative, the last one approximately two years befoie 
the time of diagnosis. It may be assumed that the lesion must have been muc 1 
smaller to have been missed even on a small film. 

In the ease of Ameuille and associates, the lesion had progressed and 
caused marked bony erosion within a period of eleven years, since on x-iay 
examination in 1929 the sac was not seen, whereas in 1940 the sac was S cm. m 
diameter and there was extensive bone erosion. In Case 1 of the report o 
Byron and co-workers, there had been progressive enlargement of the sac over a 
period of about five years from a 10 cm. diameter to a size where the sac occupied 
two-tliirds of the hemitliorax. The common occurrence of erosive bone changes 
in the reported cases is additional evidence of the progressive nature of this 
lesion. 

Therefore, it is felt that if this lesion is encountered at thoracotomy there 
should be no hesitancy" in treating it surgically by the method appropriate to 
the individual ease. In the eases treated surgically in the present era of 
thoracic surgery, the early results have been good. The first surgical patient, 
who was operated upon prior to the present development of intrathoraeic 
surgery, died as a result of empyema and meningitis. The other case which 
ended in a similar fashion was done in 1940, but no attempt was made to close 
the dural defect, and, in view of this, it is difficult to see how the result could 
have been otherwise. The remainder of the eases treated by direct surgical treat- 
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ment of the lesion number five, including our own ease. One 61-year-old pooi- 
risk patient died on the table. The other four have shown eai'ly favorable 
results. Obviously the late results, after a period of years to determine the 
presence of recurrence, will have to be considered before final evaluation of 
the treatment can be made. 

However, with the use of additional aids in closure of the defect when 
indicated, such as fascia lata, nonreactive polyethylene, absorbable cellulose, 
grafts, aud other modern aids, it seems that a permanent successful result should 
be obtained. 

We have purposely delayed reporting our own case in order to have more 
than a short postoperative follow-up. At the time of writing, three and one- 
half years postoperatively, there is no evidence of any recurrence. 

Preoperative Diagnosis. —•'When the possibility is suspected, as in a patient 
with neurofibromatosis, confirmation may be obtained by instillation of radio- 
paque substance into the spinal canal followed by posturing in an attempt to 
get the opaque material into the sac and then to demonstrate it roentgeno- 
logieally. Or the reverse may be done, as demonstrated in one of the cases 
reported by Byron and associates, in which opaque material was instilled into the 
sac by direct puncture through the thorax and then made to enter the spinal 
canal. 

Institution of pneumothorax with thoracoscopic visualization, palpation 
with a rod for consistence, etc., as reported by Ameuille and co-workers, might 
he done. To this one could add direct thoracoscopic puncture with analysis 
of the fluid. 

Puncture through the thoracic wall is simple and practical, except for the 
natural reluctance to do this in the presence of a “tumor mass’’ of unknown 
nature. 

It is felt that the exact preoperative diagnosis of this lesion may not be of 
such great importance: if there were no contraindication to operation on the 
basis of a diagnosis of neurofibroma of the mediastinum, it is felt that the same 
thinking may apply in the case of meningocele, especially if one subscribes to the 
view that this tends to be a progressive lesion. 


COXCLUSIOXS 

It is recommended that if encountered at thoracotomy a meningocele 
should be treated surgically, since the evidence points to the premise that 
this is a progressive lesion. If the diagnosis is made preoperatively in a 
patient with symptoms it Ls felt that surgery is indicated. If asymptomatic, 
extended roentgenogram observation over a period of years may be used to 
determine the advisability of surgery. 

The surgical treatment should include meticulous closure of the dura. This 
closure and that of the bony defect should he supported by whatever means 
possible—parietal pleura, muscle flap, fascia lata, noiireaetive polythene, etc. 

Four operative cases, including the author’s, reported in the American 
e ‘ r> atUre - ■ vh! " h ‘Fnie in the era of the present development of chest 
r=trj ’ ! ‘ 1,e ' ;i0V *'-' i earJ F favorable results. In a fifth a mortality occurred 
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duiing surgery in a poor-risk patient. Two eases reported in the European 
literature, done at an earlier period, died of infection with meningitis. This 

biings the total of patients subjected to direct surgical attack of the lesion to 
seven. 

SUMMARY 

1. A case of successful excision of an intrathoracic meningocele is presented. 
There has been no recurrence during a three and a half year follow-up. 

2. Previous surgically treated eases are reviewed and discussed. These 
number six, the author’s case bringing the total to seven. 

3. The preoperative diagnosis, surgical indications, and surgical treatment 
are reviewed. 

4. It is felt that this is a progressive lesion and that, in general, surgery 
is indicated. 

ADDENDUM 

Since this paper was written the patient has been seen again and continues to do well 
with no roentgenographic evidence of recurrence. 
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LACERATION OF THE AORTA 

Case Report of Successful Repair Forty-eight Hours After Injury 

Edward J. Beattie, -Jr., ILD.. and Daniel Greer, M.D. 
Washington, D. C. 


S TAB wounds or the great vessels are usually fatal. Bradford and .Johnston 
reviewed the world's literature in 1950, and found that ninety eases of 
traumatic rupture of the aorta had heen reported. Only seven of the ninety 
patients lived more than eighteen hours from the injury. Only four patients 
survived. In all four of these patients the laceration of the aorta had occurred 
inside the pericardium. No patient with laceration of the aorta outside the 
pericardium survived. However. Bradford and Johnston described a patient 
of their own who sustained a traumatic rupture of the aorta just proximal to 
the diaphragm. Five weeks after the original injury, which broke several ribs 
in the right thorax, the patient suddenly went into shock and was found to 
have a hemothorax on the right side. When a right thoracotomy was done 
about eleven weeks after the injury, profuse bleeding was encountered. The 
bleeding could be controlled only with packing. A second thoracotomy on 
the right side eighty-oue days after injury disclosed the true diagnosis, but 
not soon enough to save the life of the patient who died on that day. However, 
the authors felt that there was no way to save the patient. The lesion was 
inoperable from the right side, and a left thoracotomy would not have been 
tolerated with such a large right hemothorax. 

The first successful closure of a laceration of the aorta was performed by 
Dshanelidze of Russia in 1922. The patient was a 22-year-old man who re¬ 
ceived an S mm. laceration of the aorta 1 cm. above the heart. No mention 
ttas made of the weapon used nor of the time that elapsed before the laceration 
was closed. 


The second case was reported by Blalock in 1932. His patient was* an 
15-year-old mau sobbed with an ice pick about forty-five minutes before admis¬ 
sion to the hospital. The size of the laceration was not stated. 

The third ease was reported by Elkin in 1941. The patient was a 2S-year- 
old woman who was stabbed with an ice pick a few minutes before admission 
I" the hospital. The size of the laceration was not stated. 


The fourth ease was reported by Elkin in 1944. The patient was a 44-year- 
o ' man who was stabbed in the chest with a knife. The patient came to the 
oMiual immediately and was operated upon sixty minutes after admission to 
LlJ^Pital. There was no mention of the size of the laceration. 


tie 


daiiAjr 1He f if ,lirSery ’ Georse Washington University School of Medicine, and 
-‘-cccivei for publication. July 2?, 1351. 
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CASE REPORT 

A 21-year-old Negro man walked into the Emergency Boom of the Gallinger Munic¬ 
ipal Hospital at 1:15 a.m., Oct. 31, 1950, with the complaint that he had been stabbed in the 
chest with a penknife four and one-half hours before. He stated that there had been a mod¬ 
erate amount of bleeding from the wound, that he was slightly short of breath, and that he 
had pain anteriorly in his left chest on inspiration. 

Family history was noncontributory except that his grandfather had had a history of 
convulsive seizures. 



Fig. 1A. —Posteroanterior chest roentgenogram taken at the time of admission to the Emergencj 
Room. The knife blade in the mediastinum can be faintly seen. 

Past history was noncontributory other than that the patient had had a skull fracture 
at the age of 5 years. 

Physical examination showed a young Negro man who was moderately dyspneic ami 
uncooperative, but who did not appear to be more than moderately ill. His temperature was 
98 C° F by mouth, pulse rate 100, and respiratory rate 24. The blood pressure in his right 
arm was °00/120. There was a 2 cm. laceration over the second interspace about 1 cm. to 
the left of the sternum. The wound bled very slightly. Breath sounds were bilaterally 
1 and normal. The heart sounds were of good quality, with a short, soft apical systolic 
C< ^ ruur No friction rub was heard. The radial arterial pulse was full and regular. 
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The remainder of the physical examination was within normal limits. 

Laboratory data: The hematocrit was 33 and the hemoglobin was 71 per cent. The 
white blood cell count, the urinalysis, and the serology were normal. 

Hospital course: A roentgenogram of the chest was made. Wet reading of the film was 
thought to be within normal limits. The laceration in tile skin was sutured, l,o00 units of 
tetanus antitoxin were administered in the Emergency Room, and the patient was admitted 
to the hospital on the George Washington Surgical Service. 
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About forty-four hours after the original injury the patient became cyanotic and 
orthopneic. His blood pressure fell to 70/50. The pulse rate was 140, and it was para¬ 
doxical in character. The neck veins were distended. The heart sounds were audible and 
seemed relatively normal. The liver edge was three lingerbreadtlis below the costal margin, 
and the venous pressure was 190 millimeters of saline. 

A diagnosis of cardiac tamponade was made, and the patient was prepared for 
operation. 

Approximately forty-five hours after the injury, while preparations for operation 
were being made, the patient became unconscious and his blood pressure could not be 
measured. After 30 c.c. of blood were aspirated from the pericardium, he regained ton 
seiousness. His blood pressure was then 120/S0 and Ins pulse rate was 120. The patient 
was still cyanotic and dyspneic. 



Operation: The operation was begun nearly forty-eight hours after the injury 
pentothal and endotracheal ether anesthesia, and the left chest was opened anteriorly 
resecting the left fifth rib front the sternum to the posterior axillary line. About 500 c.c. ot 
blood were removed from the left pleural cavity, but the lung was entirely normal. The 
anterior mediastinum was hemorrhagic and edematous. Inspection of the heart showed marked 
muffling of the heartbeat. The incision was carried across the sternum, and the right Of 1 * 1 
interspace was incised intercostally for approximately four inches. The pericardium " a = 
opened transversely. A thin layer of blood was found to tamponade the heart. Just after 
the pericardium was opened, bright red blood gushed out from the upper pericardial sac. 
Immediate digital palpation along the anterior surface of the ascending aorta revealed a 
laceration about 14 mm. long just inside the superior pericardial attachment. (See Fig. -■) 
Hemostasis was maintained with the palpating finger. Each time the patient breathed the 
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point of the knife blade struck the back of the linger compressing the laceration. The 
aorta was compressed dorsally, the tip of the knife blade was grasped with an instrument, 
and the blade was withdrawn. It was later found to be G cm. in length. 

To gain exposure the pericardium was incised in a cephalad direction at each end of 
the transverse incision, and a pericardial flap was turned upward. Five interrupted 0000 
atraumatic silk sutures were used to close the laceration. The left pleural ca\ it\ was 
drained with an intercostal catheter, and the chest was closed in layers with interrupted 
silk sutures. 



Fiff. 3.—A chest roentgenoftram taken fourteen days after the operation. 


Durm o the operation the blood pressure was at all times above 120 mm. Hg systolic. 

1 pressure at the conc l usio “ of the operation was 155/95. The patienr received 

■ c.c. of whole blood and 1,000 c.c. of dextrose solution intravenously during: the 
operation. * & 

the f Fo * ,op£ratire course: The patient was given an additional 500 c.c. of whole blood on 
' r ' 1 Postoperative day. Penicillin was administered for seven days. Od the eighth 
c4tL e ,T VU <lay tl,e . b!ood l )ressure ' vas 11S/6G. He was discharged to his home on the 
aUve aml\vell t0Ferat,Ve Ja ' <F '“' ? ''' lhree montIls after the operation the patient was 
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SUMMARY 

A case has been presented in which a knife blade 6 cm. long was removed 
from the anterior mediastinum forty-eight hours after injury. A laceration of 
the ascending aorta inside the pericardium was successfully closed. This is the 
fifth successful repair of a lacerated aorta. 
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ARTERIOYEXOUS FISTULA OF THE AORTIC ARCH 

Walter W. McCook, M.D. 

Shreveport, La. 

tX XOYEMBER, 1950, Proctor 1 reported the first ease of arteriovenous fistula 
1 of the aortic areh. This fistula teas due to trauma and tvas successfully 
repaired. 

AVe have recently had the opportunity to treat a patient with a traumatic 
arteriovenous aneurysm between the aortic arch and the left innominate rein. 
In this case the aorta and the vein were not in contact, and there was a defi¬ 
nite false sac interposed between the two structures. 

As the patient was treated on the same service for the original stab wound 
which produced the fistula, we had the opportunity to see the heart enlarge due 
to the effect of the fistula, and then return to normal size after closure. We 
feel that too long an interval occurred between the onset of the fistula and its 
closure, hut that we were fortunate in getting her to surgery before evidence 
of cardiac failure appeared. 

CASE REPORT 

A 25-year-old Negro woman was admitted to the Shreveport Charity Hospital on Nov. 
W, 1949, having been stabbed several minutes before admission. She was in deep shock, 
with little evidence of external bleeding. There was a 1 cm. stab wound over the left 
sternoclavicular joint, and several small stab and incised wounds of the arms. 

Following a transfusion of 1,000 c.c. of blood, her blood pressure rose to 11S/70, al¬ 
though her pulse remained around 120. The next day a continuous murmur with systolic 
Accentuation was heard over the entire chest, being more marked over the aortic area. 
During the next few days the murmur became louder and a palpable thrill appeared. On 
^ov. IS, 1949, chest roentgenogram showed a homogeneous density involving the superior 
mediastinum. The roentgenogram was repeated on Dec. 2, 1949, and showed some xesolu- 
rion of the mediastinal shadow, but the mediastinum was still widened, and there was a 
definite border extending to the left of the manubrium. An electrocardiogram on Nov. 

’ ^949, showed sinus tachycardia. Sound tracings revealed a continuous murmur, with 
systolic accentuation, appearing to be of greatest intensity on the medial side of the wound. 
*"® st ’ n intensity was the area on the lateral side of the wound, with the inferior area 
emg next in intensity, and the superior area being least in intensity. Blood pressure was 
efiual in both arms on several occasions. One venous pressure determination showed a pres- 
-ure or no mm. of water in the left ante-cubital vein, and 140 mm. in the right ante-cubital 
un ', -'■ t ^'s time, however, the right arm was somewhat swollen and edematous due to 
reaction around its laceration. She ran a febrile course spiking to 100° F. for one week, 
anil then became afebrile. At the time of her discharge on Dec. 5, 1949, she was asympto¬ 
matic except for consciousness of the murmur and thrill. 

1 ,return admission on Jan. 1, 1950, the electrocardiogram was normal, the rate 
reventy-fiYe per minute. Roentgenogram of the chest showed almost complete resolu- 
The T l ' ie SUperior mediastinal shadow. There was some increase in the size of the heart, 
'brill mac *'* ne ^ pe murmur with systolic accentuation was still present, as was the 
‘‘ r \- " as discharged to the clinic on Jan. 9, 1950, to be admitted for surgical cor- 
_ ctlon or ' the fistula within three or four months. 

Irom the Thoracic Surgical Service. Shreveport Charity Hospital. 

•eecived for publication. July 30. 1951. 
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She was readmitted, having been lost to follow-up in the meantime, on Nov. 24, 1950, 
with no symptoms other than an awareness of the thrill, of which she was constantly con¬ 
scious. Blood pressure on admission was 106/50 in the right arm, and 112/60 in the left. 
The murmur was loud and heard all over the chest and back, but was loudest over the 
manubrial area. The palpable thrill was also more noticeable over this area. Roentgeno¬ 
gram of the chest showed some widening of the superior mediastinum and a definite cardiac 
enlargement, confirmed by fluoroscopy, since the last admission. Electrocardiogram was 
within normal limits. 

The operation was carried out Dec. 3, 1950. The incision described by Shumacker 2 
was used, and gave excellent exposure. The incision started at the middle of the left 
clavicle, curved down over the left sternoclavicular joint, and extended down to the mid¬ 
sternum. The veins of the anterior chest wall and neck were extremely dilated. The 



Fig. 1.—Roentgenogram taken on Nov. 27, 1950, immediately preceding the operation. 

superior mediastinal shadow and enlarged heart. 

inner one-half of the left clavicle was resected subperiosteally and the attachments of th^ 
sternomastoid, sternohyoid, and the sternothyroid muscles were sectioned. Tins expo 
a tremendously dilated innomonate vein through whose wall blood could be seen whir e 
in eddies. The retrosternal space was entered with difficulty because of previous reaction 
and the presence of a pulsating mass beneath it. 

It was necessary to split the sternum considerably-.to the right of the midline to am 
this mass. The sternum was split down to the third interspace with the Lebsehe Sternum 
Knife, and then cut through on each side. The left part was elevated with bone hooks 
and separated from the underlying mass by sharp dissection. A small rib spreader then 
gtivs excellent exposuie. 

° A pulsating, thick-walled mass about 8 cm. in diameter occupied the entire retro¬ 
sternal space. The dilated left innominate vein crossed superior to this mass and was 
f dv attached at this point. Pressure with the linger here stopped the visible flow of 
arterial blood into the vein. The vein was dissected free and rubber dam drains placed 
und it both proximal and distal to its communication with the sac. 
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arteriovenous fistula of aortic arch 
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The sac was then dissected free with considerable difficulty, but there was no sig¬ 
nificant bleeding. It was necessary to mobilize, but not remove, the thymus, and dissect 
off both anterior pleural reflections. Neither pleural cavity was entered. The sac was 
completely mobilized and was found to communicate with the aorta on its anterior-superior 
suTface, about 2 ciu. distal to the origin of the innominate artery. 

Fortunately the sac narrowed at this communication and connected to the aotra by 
a neck about 3 cm. in length and 2 cm. in diameter. A rubber drain was passed around 
the aortic communication and it was occluded. This stopped the thrill and had no effect 
on the pulse of either arm or either cartoid artery. The rubber drains around tlie vein 
were then occluded and the aneurysm opened and emptied. There was no bleeding. 



tig. 1 —Roentgenogram taken on March 9. 1951. N'ote absence of superior mediastinal shadow, 
decrease in heart size, and regenerating left clavicle. 


Ihe opening into the innominate vein was about 2 cm. long and slitlike. While 
teasible, suture of this opening did not appear necessary, so the innominate vein was 
'o a, cd and suture ligated on each side of the communication and severed, leaving a small 
jOgniuit attached to the sac. The sac was then elevated and the aortic communication 
‘dated with Xo. 2 braided silk flush with the aortic wall. A suture ligature of the same 
materia) was placed di sta i to the ligature and the sac completely excised. The aortic com¬ 
munication was further closed with interrupted Xo. 00 cotton sutures. The sternum was 
nought together with periosteal sutures, and the wound closed, placing bone chips in the 
bed of the resected clavicle. 


five hundred cubic centimeters of blood were given during the operation. 

U) ., 3 f, Postoperative course was relatively uneventful, except for a febrile reaction to 
and ’ 0U the firSt Postoperative day. This gradually subsided, the wound healed well, 
S \vi" US < *’ sc * iar A etl ® ec - If- 1050, on her twelfth postoperative day. 
and .1 'n UtS ' °“ M:ml “ Sl ' lil31 > sl'i* was asymptomatic, no murmur was present, arm 
'•hest r;," fu " etl0,,s " ere l '-Vcellent, ami she had resumed work. Roentgenogram of the 
lion J , ,lme showed no discernible widening of the mediastinum, beginning regenera- 
>e clavicle, and a heart that had returned to normal size. 
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CONCLUSION 

1. The second case of arteriovenous fistula of the aortic arch is presented. 

2. This has apparently been cured by the removal of a false aneurysmal sac 
between the arch of the aorta and the left innominate vein. 

ADDENDUM 

This patient was seen June 12, 1951. At this time she was asymptomatic, and no mur¬ 
mur or thrill was present. Roentgenogram of the chest was within normal limits. Clini¬ 
cally there was firm regeneration of the clavicle and arm function was excellent. 
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AN EXPERIMENTAL EVALUATION OF CATOUT AS A VASCULAR 
SUTURE MATERIAL AND A REPORT ON ITS CLINICAL USE 

Ralph A. Deter use, Jin, M.D., Pii.D., Claude C. Coleman, Ju., M.D., 
John- Kee, M.D., and Ueouue II. Humphreys, II, M.D. 

New VoitK, N. Y. 


C ERTAIN developments occurring during little more than the past decade 
have caused what might be considered the renaissance of vascular surgery. 
The great success enjoyed in the extension of surgical treatment ol' congenital 
anomalies of tiie heart and great vessels, and in the care of vascular injuries oi 
World War II, have stimulated laboratory studies to the extent that nearly all 
centers of medical research are now pursuing one or more major projects related 
to vascular surgery. 

As might be expected, certain of the time-honored and traditional rules 
governing vascular surgical technique, as evolved at the beginning of the century, 
have been greatly modified. The advent of anticoagulant and antimicrobial 
drags, the development of large blood banks, and the use of intra-arterial trans¬ 
fusion have been major factors in this metamorphosis. 

Opposition to the use of catgut as a vascular suture developed in the early 
years when infection, thrombosis, and hemorrhage were common complications 
of major vascular surgery. This seems to be almost a paradox, since catgut 
was the standard suture material of the time, and only a few pioneer surgeons 
such as Koeher 1 - 2 and Halsted 3,4 were showing real interest in silk thread. 
While subsequent years saw a slow, steady shift in favor of fine, nonabsorbable 
suture material, the use of fine silk in vascular surgery had long been firmly 

established. 


Although the controversy of silk versus catgut continued to rage in general 
surgery (Halsted, 3 ' 4 Iiaegler, 5 Iieidenhain," ITowes, 7 '" Whipple, 12 Elkin, 1 * 
Bower and Pearce, 14 and Oage and Lyons 17 ) there appeared to be no disagreement 
among vascular surgeons as to the superiority of silk. However, as increasing 
numbers of children were operated upon for coarctation of the aorta, tetralogy 
of Fallot, and portal hypertension where growth at the site of anastomosis com¬ 
mensurate with that of the individual would be desirable, experimental studies 
have appeared, reporting the relative value of various techniques of vascular 
suture and kinds of suture material, especially in the growing animal. 13 ' 2 '-* It 
" as shown by certain investigators that fine chromic catgut was a more satis- 
aetory vascular suture material than silk when used as a continuous suture in 
a srowing animal. 18,19,20 These observations were derived, however, from the 
study of single anastomoses in the repair of the aorta of dogs and pigs. We 
c onside red it possible to obtain a better comparison of vascular healing, if 


versity, r °Xe l i h vJ?t Part, T ,e . 1 ? t °i Su . rs ?T' c ?"ege of Physicians anil Surgeons. Columbia Uni- 
p iork, and the Surgical Service of Presbyterian Hospital. 

City. New Jersey 1 on : June V*? 95 ”^ ° f the International Society of Angiolofry held at Atlantic 
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CONCLUSION 

1. The second case of arteriovenous fistula of the aortic arch is presented. 

2. This has apparently been cured by the removal of a false aneurysmal sac 
between the arch of the aorta and the left innominate vein. 

ADDENDUM 

This patient was seen June 12, 1951. At this time she was asymptomatic, and no mur 
mur or thrill was present. Roentgenogram of the chest was within normal limits. Clini 
cally there was firm regeneration of the clavicle and arm function was excellent. 
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preparations were made of sagittal scetions of tlu* entire "raft and 
host vessel. Hematoxylin and eosin. \ oerhoft s elastic stain and 
connective tissue stains were used in all instances. 


adjacent 

triclironie 


RESfl.TS 

Technical Evaluation of Satan Material.— It was a unanimous opinion 
among five vascular surgeons at Presbyterian Hospital testing both .sizes ot cat¬ 
gut and .silk, that the latter seemed easier to handle, although others have tell 
the reverse to be true. 14 One of us who had previously used catgut extensive!.' 
in general surgery eoucuned in this opinion, although the other operators had 
always used silk as a standard suture material. The gut was stifter and ap¬ 
peared to dry quickly, especially when used as a traction suture. Further¬ 
more, the tensile strength on occasion appeared to vary in a single strand, with 
unexpected breakage or fraying occurring while periorming an anastomosis. 



~ 1.—Graft obtained from thoracic aorta and stored in a nutrient electrolyte solution 

fnn ? <la - s be f° r £ use in thoracic aorta of another dog. After implantation of one hundred 
fA«- r days - the Proximal chromic catgut anastomosis (left) is barely visible, whereas a 
silk sutures mark the distal suture line. The white spots are highlights. 

Since the usual vascular anastomosis depends upon one suture line, this appar¬ 
ent lack of uniformity gave some concern, and has been noted by others. 2 -’ 23 
While we have encountered similar variability in some commercial brands of 
braided arterial silk, the lots of silk used in this study were very satisfactory 
in all respects. 

Function and Gross Appearance of the Implanted Grafts and Anastomoses. 
The eight grafts used in the abdominal aorta had been quick frozen at -72° C. 
and stored at low temperatures. Four had been kept for from twenty-three 
to one hundred thirty-five days at -27° C. and four for from twenty-three 
to ninety days at -70° C. (Table I.) One partial occlusion by a mural throm- 
ms occurred in the former group. In this one, there was a moderate sized pedun- 
vu ated thrombus originating from the proximal catgut suture line, but it was 
we 1 endothelized and did not interfere with function significantly. Among 
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chromic catgut aucl silk were used in the same animal for the vascular anastomo¬ 
ses. By implantation of carotid and aortic grafts, the suture material could be 
studied when used with viable and nonviable grafts and in vessels of varying 
size. The anastomosis of a nonviable homograft to an adjacent normal vessel 
under tension should impose a significant stress on a suture material. 


METHODS 


A total of twenty dogs were used in this study. One group of twelve adult mongrel 
dogs were used to study the suture lines of aortic grafts. Of these, eight had implantation 
of the graft into the abdominal aorta distal to the renal arteries, and four into the descend¬ 
ing arch of the thoracic aorta. In all of the operations on the abdominal aorta, a com¬ 
parable segment of normal aorta was excised before implanting the graft. The grafts 
measured 1.5 to 3.2 cm. in length and had been stored for periods up to six months (Table I). 
Only during the implantation of the thoracic grafts was a paraffin-lined glass tube used for 
temporary restitution of aortic blood flow. The tube was removed just before completion 
of the distal anterior suture line. By this method, the time during which the aortic blood uns 
halted was two periods of about three minutes each. In none of these clogs nor in an) 
of the others was there any muscular weakness or paraplegia. 


A group of eight adult mongrel dogs were used to study anastomosis of carotid giafb- 
Both arteries were exposed by a vertical incision in the neck. In all instances, a segment 
l.o to 2.9 cm. in length was excised from the mobilized right common carotid artery am 
implanted into the left common carotid artery, after excision of a segment of comparable 
length. A carotid homograft measuring about 2.0 cm. and which had been preserved far 
up to fifteen weeks was then implanted into the defect in the right common carotid. 


The proximal and distal anastomoses were accomplished in the carotid vessels 
by the Carrel technique. In the aorta, an everting continuous horizontal mat¬ 
tress suture was employed. Two single horizontal mattress traction sutures weie 
placed equidistant along the circumference. The posterior row was completed 
by rotation of the vessel and graft. After running the free suture from one 
traction suture to the other and tying them together, the vessel was rotated 
back into normal position and the anterior row completed in a similar mannei, 
using the free end of the second traction suture. In all the grafts nonboilable 
medium chromic catgut swaged on a one-half circle atraloc taper point needle 
was used for the proximal anastomosis. For the inferior or distal anastomosis, 
braided black silk swaged on a three-eighths circle taper point needlef was em¬ 
ployed. For implanting the carotid grafts, we used 000000 suture material, 
whereas we preferred 00000 for the aortic anastomoses. 

Anticoagulant drugs were not given to any of these animals. The iunc- 
tion of the graft was checked frequently by evaluation of the peripheral arterial 
pulses, and at rare intervals by angiography. 

When the animals died or were killed, the graft was excised with adjacent 
host vessel and was opened by an incision in its long axis. The suture line was 
observed for constriction or thrombosis and for the amount of suture material 
presenting on the inside of "the lumen. Of secondary interest were any degen¬ 
erative changes or localized thrombi involving the actual graft. Microscopic 

^Supplied by Ethicon Suture Laboratories. Inc.. Type C 5-0 Code FI31 : Type C 0-0 
C °d e tSupplied by J. A. Deknatel & Son. Inc., 5-0 Lot No. 155: (i-0 Lot No. 150. 
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beneath the endothelium became greater as the eversion of the cut edges of the 
vessels produced by the mattress sutures became less (hi?- 3). Aftci t uto oi 
four months, the eversion is often barely discernible giossly and photomicio. 
graphs may show essentially ciul-to-end healing of the edges of the vessels. ' 
As this flattening occurs, the suture material slowly assumes a superficial verti¬ 
cal alignment. As this process develops in the eversion type of anastomosis, 
lengths of suture material of one to three millimeters may be seen at the site 
of each stitch. This appearance should not be attributed to faulty siitine 
technique, as has at times been claimed. In this respect, the catgut anastomosis 
always appeared better than the silk one since the absorbable material often 
was not grossly visible after several weeks (Fig. 31. Function was equally 
satisfactory, however. 



DOG 61 Died 12/30/50 



--—The autograft m the left carotid artery reveals no gross differences from the 
stnt-w? 1 * es ^nl’ ^ Tlie honwffraft implanted into the right carotid artery after three weeks of 
with ei at C * is sUghtly thinned and dilated- The suture lines appear very satisfactory. 
* u cnr °mic catgut still intact in the lower anastomoses, twenty-five days after implantation. 


Minor constriction at the everted anastomosis was observed in a few in¬ 
stances at the close of operation. Subsequent study of the anastomoses to deter¬ 
mine the degree of constriction revealed no constriction in any of the catgut 
senes greater than that observed at operation. After three or four weeks, 
even this minor constriction had become less evident. This effect coincided 
with absorption and fragmentation of the eatgut suture material. In the silk 
group of anastomoses, the degree of constriction at three to six weeks was essen¬ 
tia lv the same as at time of surgery, or slightly greater. Later, however, flat- 
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the others, examined from seven to ninety-three days after implantation, three 
small endothelized mural thrombi were found at necropsy. Function had been 
excellent in all. 

Of the four segments of aorta implanted into the thoracic aorta, one had 
been quick frozen at -72° C. and stored for one hundred and seventy-eight days 
at -70° C., whereas the other three had been refrigerated at 4° C. in Simms 
X6 solution containing 10 per cent homologous serum for seven, sixteen, and 
two hundred and four days. In none of these did thrombus formation occur 
(Fig. 1). With one exception the anastomoses were examined after periods ol 
implantation of over one hundred days. 

The carotid autografts implanted in eight dogs retained the gross appear¬ 
ance and physical characteristics of the normal adjacent vessel. In none of 
the specimens was there any visible degeneration or thrombus after implantation 
of from sixteen to one hundred and sixty-eight days. It was interesting to note 
that the minimal fibrous reaction binding the graft to the adjacent tissues of the 
neck was often of about the same degree observed on the side with the carotid 
homograft. 

Of the eight carotid homografts, four were frozen grafts stored at -70 C. 
for eighteen to fifty-five days, and four were grafts kept in the nutrient solution 
for from thirteen to fifty days. In one from each group there was complete 
occlusion by thrombus formation. In another of the frozen grafts, function 
was diminished by a thrombus. All of these carotid grafts with thrombosis 
had been stored six weeks or longer (Table I). The inside diameter was gen¬ 
erally about three millimeters. These grafts were examined after from sixteen 
to one hundred and sixty-eight days of implantation. The homografts of both 
types were thinner, less elastic, and slightly dilated when compared to the 
autograft in the opposite carotid artery (Fig. 2) until two to three weeks, after 
which the wall was thickened by fibroplasia and dilatation appeared diminished 

In no instance was there a dehiscence of the suture line. Two animals had 
old hematomas adjacent to a carotid graft but no evidence of any source ol 
leakage from either suture line was apparent at the time of operation or autopsy. 

The suture lines of the twenty homografts and eight autographs were ex¬ 
amined from one day to one hundred and sixty-eight day's after anastomosis. 
The early gross appearance was very comparable, with little or no suture mate¬ 
rial visible in the lumen. An. equivalent minor degree of inflammatory response 
was noted at both of the suture lines, with endothelization occurring within a 
few days in all instances. As noted before, sizable thrombi involved the proximal 
catgut suture line and the homograft in one aorta and three carotid arteries. 
Three additional abdominal aortic grafts had sessile mural thrombi limited to 
the mid-portions, several millimeters from either suture line. In none of the 
autografts was there any thrombus. 

At about two weeks, or even less, minimal vertical lengths of catgut or 
silk suture material were visible under the new endothelium at the line of 
anastomosis. Little more suture material became visible subsequently in the 
carotid specimens in which a continuous Carrel technique had been employed 
However, in the aortas, the visible lengths of silk and catgut sutures 
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teumg of the eversion in many permitted some diminution of the constriction. 
In none of the grafts was the functional capacity altered by the minimal con¬ 
striction present at the anastomoses. 

Microscopic Appear,nice of the Grafts and Anastomoses .—This section deals 
primarily with the histologic changes observed at the suture )im\> lathu than 
with tho.se occurring in the actual grafts. The latter findings have heen descuhec 
in detail in other publications of ours. 2 *’*’'* 


DOG 297 Killed 2/8/50 



.Fig. 3.—Graft obtained from the abdominal aorta and stored twelve days at -37 s C.. 
*>eiore implantation into the abdominal aorta of another dog for ninety-two days. There 
is an erosion of the intinta in the niidportion of the graft, but no thrombosis. The chromic 
catgut is not recognizable grossly, but the silk sutures are visible beneath the endothelium 
covering the distal anastomosis. 

It- will suffice to reiterate that all of the homografts, whether preserved by 
freezing or in a nutrient solution, awl whether of aorta or carotid artery, un¬ 
dergo a slow degeneration during storage. The endothelium and many of the 
smooth muscle cells have disappeared by the time the graft is used, and usually 
within several weeks after implantation, even the residual cellular elements of 
the graft have disappeared. This process Ls somewhat slower in grafts stored 
in nutrient solution. The grafts become lined as well as invested externally by 
thick fibroblastic layers from the host within days, and after several months 
the persisting elastic and collagen framework of the graft itself are in¬ 
filtrated with the new fibroblasts. Observations carried out for as long as two 
years following implantation reveal that the original elastic framework re¬ 
mains grossly intact, although some fragmentation of the fibers can usuallv 
be detected, whereas the remainder of the homograft has become replaced by 
nbrous tissue from the recipient animal. 55 
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telling of the eversion in many permitted some diminution ot the constriction. 
In none of the grafts was the functional capacity altered by the minimal con¬ 
striction present at the anastomoses. 

Microscopic Appearance of the Grafts and Anastomoses .—This section deals 
primarily with the histologic changes observed at the suture lines rather than 
with those occurring in the actual grafts. The latter findings have been described 
in detail in other publications of ours. 2 *- 2r ’- 2 " 



^fOrf hi,Dl'am",nf M fr £T the abdominal aorta and stored twelve days at -27= C.. 

ls an ernsi™ ,, n , . nt< ? the abdominal aorta of another dog for ninety-two days. There 
ratgut is not rL.L', nt u' a ln ‘l' 1 ' nndportion of the graft, but no thrombosis. The chromic 
covering the disS^a'n^tomo-?? 5 '*’ tu ‘ 3,lk sutures are visible beneath the endothelium 


It will suffice to reiterate that all of the homografts, whether preserved by 
freezing or in a nutrient solution, and whether of aorta or carotid artery, un¬ 
dergo a slow degeneration during storage. The endothelium and many of the 
smooth muscle cells have disappeared by the time the graft is used, and usually 
within several weeks after implantation, even the residual cellular elements of 
e graft have disappeared. This process is somewhat slower in grafts stored 
U , Ut ™ m solution. The grafts become lined as well as invested externally by 
ick fibroblastic layers from the host within days, and after several months 
filt ff S - lng elastic alld colla Seu framework of the graft itself are in- 
v . ' mh tlle new fibroblasts. Observations carried out for as long as two 
mS* o ° W1Iie - implanta1ion reveal that the original elastic framework re- 
be 8r °f ly mtaCt ’ altholl " h some fragmentation of the fibers ean usuallv 

fibJ^tv’ W !' ereaS the remainder of the liomograft has become replaced b‘v 
tissue irom the recipient animal. 20 
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B. 

Pig 4 —Photomicrographs of the suture lines of a carotid liomograft stored twenty-two 
da vs at -70° C. and functioning for twenty-five days in another dog. (Hematoxylin and eosin. 
V100 1 4. The silk suture material is unaltered. A mild cellular reaction is still evident 
Vdiaeent to the silk. Firm fibrous union and smooth endothelization has occurred. B, The 
chromic catgut is being removed by macrophages. A moderate cellular reaction surrounds 
fho suture material. Firm fibrous union and smooth endothelization has occurred. The 
icellular frozen graft is visible to the right beneath the flbrocelluiar intimai zone derived from 
the host vessel. 
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The autologous graft, as represented by the segment of carotid transferred 
to the contralateral artery, revealed very few histological changes following 
transplantation. 

Study of the anastomoses by histological preparations suggested that some 
of the early inflammatory response observed was evoked by the homograft, 
rather than by the suture material. Polymorphonuclear leukocytes appeared 
at the anastomosis and external surface of the graft within hours. At one 
day, there was noted a fresh thrombus in the wedge-shaped cleft on the luminal 
side of the anastomosis, produced by eversion of the edges of the vessels. The 



Fig. 5.—Granulomatous reaction surrounding silk suture in an autologous carotid graft, 
twenty-five days following anastomosis. 

fibrin matrix of this plug served to allow bridging of the anastomosis by endo¬ 
thelium and fibroblasts from the host aorta within a week. Since the homo¬ 
grafts were usually devoid of endothelium, a thickening fibroeellular layer de¬ 
veloped over the anastomosis by two or three weeks, as the new intimal lining 
advanced toward the midzoue of the graft from each end. 

At the anastomosis, round cells and macrophages appeared within a few 
days, this time evoked apparently by the suture material which acted as a for¬ 
eign body. In some specimens it appeared that the cellular response about the 
suture material was greater with catgut during the first week, but the differences 
0 ten were not striking. Some individual variation in animals was noted in- 
soiar as cellular response to suture material. In some there was minimal reac¬ 
tion about both catgut and silk, whereas in others there was a moderate to 
marked inflammatory reaction about both (Fig. 4, A and B). This fact has 
n eeU °' vrl() oked by many investigators studying suture materials by using each 
- Pe alone in comparable groups of animals. After ten days to two weeks, the 



312 


THE JOURNAL OE THORACIC SURGERY 


inflammatory cellular reaction about the suture material usually diminished 
markedly. Macrophage activity was variable in the different animals, generally 
being most predominant about the catgut. 

By one month the tissues about the silk were usually free of cellular reac¬ 
tion, but in some specimens, granulomas developed about the suture strands 
(Fig. 5). By this time, the tissues about the catgut were also free of cellular 
reaction except for scattered macrophages, and the suture, staining as hyaline 
basophilic material, appeared to be diminishing in size (Fig. 6). Firm healing 



Fig-, fl.—Anastomosis of carotid graft preserved fifteen days at 4° C. in a nutrient sola 
tion. At thirty-one days chromic catgut still remains beneath a fibrous union. The minim* 
cellular reaction consists mainly of round cells and macrophages. 


had occurred by fibrous union and a multilayered intima covered the anastomo¬ 
sis. The graft and normal aorta were compressed where eversion occurred, and 
at times appeared accellular at the point of approximation, where compression 
was greatest (Fig. 7, A and B). 

During subsequent months,- the status of the silk remained essentially un¬ 
changed. The catgut was recognizable without difficulty after eight to ten 
weeks in most specimens; moreover, in a few, the suture strand was only 
slb'htlv altered at three months. After fragmentation and removal by macro- 
phases had occurred, the site of the suture was identified only by a punctate 

fibrous scar. 



DETEKI.IXC ET Al 


EXl’EIU.MKXTAI. KVALl'ATIOX UK CATtSl'T 


313 


Clinical Application .—Because of the satistaetory experimental results with 
line medium chromic catgut as a vascular suture material, it was considered 
as safe for anastomoses of vessels in infants or children in whom growth is the 
major factor. 



A. 



furty-flvU of anastomoses of an abdominal aortic homograft, stored 

A, At the iti? at “ , C - and implanted for sixty-one days. (Hematoxylin and eosin. X100.) 
are unalterili line : there is excellent fibrous union and endothelization. The silk strands 

catgut remain* s 5J? ere ls * little t or no cellular activity about them. B, A fragment of chromic 
Excellent graf f at th , e left - ^ Macroptaiges are engaged in removing this material, 

uorous union and complete endothelization has occurred. 
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CASE REPORTS 

Case 1.—T. E., a white 21-month-old male infant, was admitted to Babies Hospital on 
Nov. 13, 1950, for special studies and possible operative repair of a coarctation of the aorta 
because of a progressive severe hypertension. The family history and past medical history 
were of no special interest. The child had never exhibited symptoms referable to the cardio¬ 
vascular system, and had been followed closely in the pediatric clinic since the age of six 
weeks, at which time no cardiac murmur had been noted. However, at ten weeks, a ques¬ 
tionable systolic murmur was noted. By the age of three months, the murmur was localized 
over the precordium, maximal in the left second and third interspaces. At this time, femoral 
pulses were not obtainable and the brachial blood pressure was 1(10-130/110. Laboratory 
studies, including chest film, electrocardiogram, Mazzini, blood culture, tuberculin, urinalysis, 
and fundus examination, were negative. The nonprotein nitrogen was 31 mg. per cent. 



Fig. 8.—Retrograde carotid aortogram obtained in the right posterior oblique position. 
The obstruction in the aorta (AO.) is situated just distal to the left subclavian artery (M 
as shown by the arrow. Note the dilated and tortuous internal mammary artery (I.M-t anu 
other collateral arteries in this 2I-month-o!d infant. 

Brachial blood pressures were obtained at six-month intervals and revealed a pro¬ 
gressive rise to the time of admission at which time it was 1S0/120. Physical examination 
was negative except for the loud precordial systolic murmur transmitted posteriorly and the 
absent femoral pulses. 

Positive laboratory- studies carried out in November, 1950, were limited to the cardio¬ 
vascular system. Angiocardiogram and a retrograde carotid arteriogram revealed a com¬ 
plete stenosis of the aorta about 8 millimeters distal to the left subclavian artery with mini¬ 
mal collateral circulation (Fig. S). No notching of the ribs was present. Through the 
cooperation of Hr- John Nickerson, a recording of the low frequency, critically damped 
ballistocardiogram of the patient was obtained under avertin anesthesia. The initial tracing 
confirmed the presence of a marked coarctation (Fig. 9, A). 

On Dee S 1950, operation was performed by one of us (R.A.D.). The coarctation 
was of the adult type, situated as visualized at about 8 mm. distal to the slightly dilated 
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left subclavian artery. A complete stenosis was at the site previously demonstrated How¬ 
ever, a very atretic cone-shaped segment of aorta constituted t io - cm. o ' ss ‘ 

the coarctation. The left internal mammary and upper intercostal arteries were on y s tg y 
dilated and had minimal tortuosity, unlike those in our previous cases, the youngest of whom 
was nine years old. The ductus arteriosus was obliterated. ... , 

Although a fresh human iliac homograft was on hand, it was felt that every off or 
should be made to effect an end-to-end anastomosis. Accordingly, the upper four sets o 
intercostal arteries were sectioned and the distal aorta mobilized in its bed to below the 



PRE-OPERATIVE ' NOV. 29,1950 




2WKS. POST-OP. DEC.22,1950 


c. 



Fig. 9.—Ballistocardiograms obtained on the Nickerson bed with the infant anesthetized 
u> aver m. A, Eefore operation, tiie J waves form a plateau in some complexes with a slow 
to the base line. The complete absence of K waves is characteristic of coarctation of 
me aorta, b, Two weeks after excision of the coarctation there is a more rapid down slope 
_ n ‘‘ J waves with a trend toward K waves. C, Six months after operation, continued 
to ' var<1 normal are evidenced by sharper J waves and fall below the base line. In 
some complexes, there are definite small K waves. 

level of the sixth intercostal arteries. In this manner it was possible to carry out a satis¬ 
factory anastomosis without undue tension after excision of the atretic length of aorta 
(Fig. 10). A single row of interrupted horizontal mattress sutures of 00000 medium chromic 
catgut was used to approximate the cut edges. An additional row of simple interrupted 
catgut sutures were placed in the everted edges (Fig. 11). Xo constriction of any significance 
was present at the anastomosis. 

Me are indebted to Drs. Hugh Fitzpatrick and Sanford Weissman for obtaining con- 
muous determinations of the pressures in the brachial and femoral arteries by means of 
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Lilly manometers, during opeiation, and on subsequent occasions. An electrocardiogram was 
recorded simultaneously. Early in the operation, with the patient under ether anesthesia, 
the brachial blood pressure was 130/S0, whereas that in the femoral artery was S5/75 
(Fig 1 . 12). Immediately before repairing the coarctation, the pressures were 110/60 and 
80/70, respectively, with a lag in the onset of the femoral pulse wave of 0.14 second. Once 
the aorta was repaired, and the clamps had been removed slowly, there was a decline in 
pressures to 90/50 in the arm, and 75/50 in the leg. However, distinct improvement in 
hemodynamics was reflected by the greatly increased pulse pressure in the femoral pressure, 



Fig. 10.—Excised coarcted segment of aorta. The proximal end faces to the left, with the liga 
mentum arteriosum on tire superior surface at tire site of the maximal stenosis. 



Fig. 11.—Completed anastomosis showing alternating interrupted horizontal mattress 
and simple sutures of 00000 chromic catgut. A straight Potts ductus clamp was used to 
occlude the aor a distally. The Beck clamp above permitted blood to flow into the subclavian 
artery during the procedure. 

and in a decrease in pulse lag to 0.04 second. Two weeks later, pressures measured with 
the child under avertin anesthesia were 110/00 in the brachial artery' and 95/50 in the 
femoral artery, with a pulse lag of only 0.04 second. At six months, again with the child 
under avertin anesthesia, these studies revealed the brachial pressure to be 120/70 and the 
femoral one to be 96/50. The pulse lag at this time was 0.04 second (Fig. 12). 

The ballistocardiogram obtained two weeks following operation showed changes to¬ 
ward normal, namely, a sharper J wave and a tendency toward a K wave (Fig. 9, B). At 
six months, the J wave appeared still sharper, and a small K wave was developing (Fig. 9, 6'). 
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Convalescence was complicated by a slight hemothorax, corrected by a single aspiration. 
No tube bad been employed for drainage. The patient left the hospital on the fifteenth day 
after operation with a brachial pressure of 120/SO as obtained by arm cuff. 

Follow-up visits by the patient one and six months following date of operation re¬ 
vealed good weight gain. A diminishing systolic murmur was noted over the left chest. 
This was thought to he due to imptoved stream lining at the anastomosis. The pulses in 
the femoral and dorsalis pedis vessels were strong. 


COARCTATION OF AORTA 



EARLY DURING OPERATION DEC.8, 1950 





1851 ( ;"k T' T ‘’ 3 White 4 - Vear oId bo - ’ was adm!lted t0 Babies Hospital on Mav 21, 
a.e ’ of ‘ the d,a S"°f ,s of portal hypertension. The child had had an omphalitis a't the 

ill " S5S " eekS b - V a -ibrin, of the left shoulder. The 

health wa lod 'n , -^microbial therapy and his subsequent general state of 
“ 00tl untl1 Bie onset ot lever and a head cold early in .March, 1951. 

another S t! erily “ Iar f qUantity ° f bIood and was Emitted to 

fall on the abdonwn T^ only other significant information in the history recalled a 

admissionM ar 17, T’ teuderness f ° r ^vend days. At time 0 f 

"as not palpable WaS tdt 2 belotr tl,e costal margin, but the liver 

MHO cells pe U r dl enh? VeaI -N- ^ ° f ~ SS millions per euhic millimeter; leukocvte eounr 
Per CUb ‘ e millimeter, w.th 89 per cent polymorphonuclear ,adls. 10‘per c “ n t 
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lymphocytes, and 1 per cent monocytes. The platelet count was 130,000. Bleeding time, 
clotting time, clot retraction, and red cell fragility were normal. Volume index was 0.93 
and the icteric index, 7.4 units. Roentgenograms of the chest, skull, and long bones, urinalysis, 
and serological test were negative. Esophagram did reveal filling defects interpreted as 
varices, however. 


Treatment by multiple transfusions was accompanied each time by marked splenic en¬ 
largement. The patient was discharged March 16, 1951, but had to be readmitted May S, 
1951, because of massive liematemesis. This time splenomegaly was not noted. Multiple 
transfusions were administered, totaling 1,500 cubic millimeters. 

The local physician displayed keen clinical insight into this problem as demonstrated 
by his investigations and management. The child was discharged May' 17, 1951, and admitted 
to Babies Hospital on May 21, 1951, for surgical treatment of portal hypertension, resulting 
from an extraliepatic block caused in all probability by the omphalitis. Physical examine 
tion this time revealed a palpable sharp liver edge, and enlarged spleen felt 10 cm. below 
the costal margin. 


Laboratory studies: Hemoglobin, 9.7 Gm.; red cells, 3.12 millions per cubic millimeter, 
leukocytic count, 5500. Polymorphonuclear cells, 71 per cent; lymphocytes, 24 per ceut, 
monocytes, 2 per cent, and eosinophiles, 3 per cent. Normal red cell fragility was found. 
Platelet count was 112,000, and reticulocytes, 2.0 per cent. Alkaline phosphatase was --.9 
Bodansky units; phosphorus, 4.5 mg. per cent; serum albumin, 4.6 Gm., and globulin, 
Gm. Nonprotein nitrogen was 31 mg. per cent. Sedimentation rate 15 mm. per hour. 
Urinalysis negative. Chest film and excretory urogram were negative. The esophagram 
again showed varices. Direct Coombs test was negative. Prothrombin time was 17.1 sec011 J 
(normal fifteen seconds). Bromsulfalein retention test showed serum concentration o 
29 per cent at five minutes, and 1 per cent at thirty minutes. Glucose tolerance test ",is 
normal. Blood volume determination on May 26, 1951, revealed plasma volume of 1,330 c.e., 
red cell mass of 550 c.e., and hematocrit of 29.1 per cent. After two transfusions of 150 c.c. 
each, the blood volume increased to a plasma volume of 1,350, red cell mass of 710 c.c., a ,K 
hematocrit of 34.5 per cent. 

On June 6, 1951, operation was performed by one of us (R.A.D.). Through a left 
thoracoabdominal approach, the large spleen was exposed, and the splenic vessels isolates 
The splenic artery was divided and pressure exerted on the spleen to express the red cells 
into the general circulation. The dilated splenic vein was then divided at the bifurcation at 
the liilus. A springy rubber-shod Bulldog serrafin. was used to occlude the proximal en( 
until it was time to perform the anastomosis. The pressure in the splenic vein was 370 nun. 
of water. A large left renal vein was mobilized in the renal pedicle, and a small curved 
spring clamp with fine teeth* was used to isolate a 1.5 cm. segment, on the anterosupenor 
surface of the vein. With renal venous outflow thus unimpeded, a 1 cm. longitudinal incision 
was made in the segment, and the end of the splenic vein was brought into approximation. 
An everting anastomosis was accomplished with the use of six interrupted mattress sutures of 
chromic catgut. When the shunt was opened, free blood flow occurred from the splenic vein into 
the renal vein. Digital closure of the shunt caused a prompt rise in portal pressure of 100 t° 
120 millimeters of water to the previous level of 370 (Fig. 13). The portal vein was not 
accessible to examination, but the liver had a normal appearance. Biopsy of the liver re¬ 
vealed a mild cirrhosis, however. 


A fine polyethylene catheter, introduced through the inferior mesenteric vein to the 
splenic vein, was brought out through the abdominal incision for regional heparinization of 
the portal blood passing through the shunt. Postoperatively, heparin in a dosage of 25 mg. 
per 500 c.c. of 0.85 per cent saline was administered through the catheter at a rate of 10 
to 45 drops per minute for six days. 

Convalescence was completely uneventful. A follow-up visit six weeks after operation 
revealed that the child was very active and had gained several pounds in body weight since 
discharge from the hospital on the fifteenth postoperative day. 


•Manufactured by Bruno Richter, Glen Ellyn. III. 
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Case 3.—J. B., a white o^-year-old girl, was admitted to Babies Hospital July 11, 
1951, for special studies and possible operative repair of a coarctation of the aorta. She 
had been referred by her local physician to the Congenital Heart Clinic in April, 1951. Pre¬ 
vious studies had revealed the characteristic physical signs of coarctation. Her brachial 
blood pressure had been noted as being 200/100. The chest film had been unusual in that 
there was moderate cardiac enlargement. For ttiis reason, it was felt wise to plan an early 
admission. 

In the hospital, a brachial hypertension of 190/90 was noted. The femoral pulses were 
weak and no dorsalis pedis pulses were felt. Oscillometric readings of one unit were ob¬ 
tained at the calf. A short harsh systolic murmur was heard over the base of the heart, 

transmitted posteriorly high on the left side of the chest. 

Routine laboratory studies of the blood were normal, as was urinalysis. The roent¬ 

genogram of the chest and esophagram revealed enlargement of the left auricle and ventricle. 
An angiocardiogram on July 17, 1951, demonstrated a marked coarctation one centimeter 
distal to a dilated left subclavian artery. The aortic arch was shown to be very hypoplastic 
beyond the innominate artery to the level of the coarctation. There was a moderate post¬ 
stenotic dilatation of the aorta. Difficult to interpret was the retention of diodrast in the 
left auricle which suggested impaired outflow from this chamber (Fig. 14). The ballisto¬ 
cardiogram revealed the absence of a K wave, characteristic of coarctation (Fig. 15). 

SPLENO-RENAL SHUNT 



term 13 vrn Portal pressure obtained through a catheter introduced into the inferior mesen- 
sn-s ;/ '* ; ; n , the spleno-renal shunt was occluded, there was an immediate rise in pres- 

* n the portal system. A prompt fail occurred when the shunt was again opened. 


On July 20, 1951, operation was carried out by one of us (R.A.D.), after digitalization 
of the patient. The stenotic segment was short and situated as visualized. The aortic arch 
appeared hypoplastic, whereas there was a slight poststenotic dilatation below the coarctation. 

>e fibrous ligamentum arteriosura was divided, as were the first two sets of intercostal 
arteries. A one centimeter segment of aorta at the coarctation was excised and a very satis- 
actory end-to-end repair effected as in Case 1 (Fig. 11). Examination of the specimen 
reiealed the stenosis to be complete. 

t The pericardium was opened and the left auricle was examined. It did not appear 
° e greatly dilated, but some turbulence was noted. A systolic thrill was felt over the 

arrh CT ti° r - aS i eCt - 0f the left ventricle - Eve[1 minimal manipulation of the heart produced 
..A lmia despite topical procaine, so further investigation was thought best deferred until 
iac catheterization could be carried out. 

bloo,i P0St0PeratlTe1 '’ tU ° fem0Ial and dorsaUs P edis PuHes were very strong. The brachial 
Often oh eSSUre i fluctuated between 116 / S0 aad 100/110 during the first two weeks, as is 
abdaminnT.i t fe "' aayS followin g operation the patient began to have diffuse low 
P0lymornh n n 1SC i° DlfOrt ' M ° derate fever and a leukocytosis developed, with a slowly rising 
of ob.en-ation ^ “ intensit - v > but did not subside during a week 

aad one of us’ irVnf 5 ^ J “ ly 31, 1So1 ’ ex P loration "' as performed by Dr. Robert Hiatt 
cavity. Thp J/n ' ; here ' vas a Sma11 am0unt of clear - veUo ' v fluid in the peritoneal 
mall bowel was edematous and hyperemic. The marked hyperemia was noted 
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in tile colon anil parietal peritoneum as well. All of the mesenteric lymph glands were very 
enlarged. The appendix was normal in appearance and there was no evidence of mesenteric 
or retroperitoneal bleeding. Following this operation, the abdominal symptoms subsided 
rapidly. It was not clear whether the mesenteric adenitis was primary or secondary. The 
marked hyperemia and the edema of the bowel were unusual, and the cause uncertain. 



Fig. 14.—Angiocardiogram obtained of the patient in the right lateral position, 
dilated left auricle ( L.A.) is well filled with diodrast, as is the left ventricle (A.l.ij 
aortic arch is moderately narrowed beyond the innominate artery to the level of the 
tual coarctation (arrow), but slightly dilated below this (AO.). The dilated left suboia' 
artery ( S.A .) coursing caphalad from the area of the stenosis, as well as the dilated, tanu 
internal mammary artery (I.M.) are well visualized. Note the coronary artery (C.) aniei 
to the root of the aorta. 


DISCUSSION 

It has not been the purpose of this study to discredit fine braided silk as 
a vascular suture material. Indeed, the results here would confirm that it is 
highly satisfactory, at the test of time has amply shown. On the other hand, 
this work has confirmed certain previous observations as to the very satisfac¬ 
tory performance of chromic catgut, when used properly. 

As pointed out by Bower and Pearce, 14 many of the earlier comparisons of 
catgut and silk were unfair because of differences in size of the suture, type 
of needle used, and because of the criteria for acceptability. Even Whipple 1 ' 
called attention to greater trauma to tissues when catgut was used because of 
the larger needle. He suggested also that the early inflammatory response 
about the catgut suture always meant low- grade infection. Certainly, the 00000 
and 000000 catgut swaged on the needle creates no greater trauma than do the 
finer sizes of silk. From the extensive studies of Howes and associates, 7 ' 11 the 
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consistent curves of tensile strength of catgut in tissues did not support the 
contention that the polymorphonuclear response was on the basis of infection. 
Our own tissue culture studies of segments from the region of the catgut anas¬ 
tomosis did not show any sign of baterial infection or contamination. Jenkins 
and Dunham 51 have demonstrated the ability of the irritating water-insoluble 
hydrocarbons from the tubing fluids of both boilable and nonboilable catgut to 
elicit a strong polymorphonuclear reaction even when present in great dilution. 


COARCTATION 



, BEFORE OPERATION 


. Fi S* 15.—Ballistocardiogram before operation reveals the absence of a K wave which 
nf aracter ‘stic of coarctation of the aorta. The record obtained one week after resection 
or the coarctation shows well-developed K waves. 

They suggest that the routine technique employed in many operating rooms in 
preparing sutures for use is often inadequate to remove much of this fluid which 
is in itself adequate to explain much of the early tissue irritation. The manu¬ 
facturer emphasizes the fact that precise and proper preparation of catgut, 
whether boilable or nonboilable, is essential in the operating room to insure 
ease of handling and uniformity of strength. Soaking too long in water may 
markedly reduce tensile strength. We admit that these factors may have been 
at fault at times in our own handling of this material. 

The experiments by Howes 7 ' 11 and his associates carefully analyzed the 
physical characteristics of catgut in various tissues, and compared this material 
with equivalent sizes of silk under certain circumstances. They noted a more 
intense inflammatory response with chromicizecl catgut than with plain, and 
showed that the time for complete loss of strength of both types of catgut ap- 
proximated the time of absorption. Hence, for "20 day” chromic catgut, the 
complete loss of strength occurred on the eighteenth to twenty-first days. Once 
a sorbed, no tissue reaction remained and sear formation was minimal. They 
o served a polymorphonuclear response with silk within forty-eight hours, as 
1 1 . 'J e ' Glant cells of the foreign body type were observed from the sixth day, 
>enig present thereafter as long as the silk remained. In addition, we found, 
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not infrequently, a granuloma developing about silk strands. (Fig. 5). While 
the petrolatum used to lubricate the silk at time of operation was considered 
as a possible cause for the granulomatous reaction, this has been observed with 
untreated silk sutures. In this regard, both Large 28 and Rosenberg and asso¬ 
ciates 29 ’ 30 have reported on granulomas caused by the waxes used by the manu¬ 
facturer to produce a frictionless finish on cotton and silk sutures. 

Jenkins and co-workers 31 ' 34 recently carried out an extensive analysis of 
several sizes of plain and chromic catgut marketed by ten different manufac¬ 
turers. In a follow-up of over three years, they noted variability in the per¬ 
formance in the tissues of comparable gut of different companies. This was 
believed due in part to differences in treatment of the raw catgut at the factory. 
As a result they suggested the use of pepsin digestion tests for more accurate 
classification. Although the term ‘"20 day” has been abandoned, such terms 
as “Type C” or “medium chromic” are being used to describe catgut such as 
was used in our experiments. The studies of Jenkins and associates showed 
such material to retain its tensile strength for ten to fifteen days, and to re¬ 
main in the tissues for from three to six months, as confirmed by our observa¬ 
tions. They noted more reaction to plain than chromicized catgut, in contrast 
to the findings of Howes and associates. This finding by Jenkins was latei 
thought by him to be related to the irritation from the tubing fluid rather than 
to the type of gut used. 27 

Fine sizes of catgut were found most desirable by Howes and Jenkins, since 
the inflammatory reaction appeared to be less with the finer strands. The hold¬ 
ing power of the tissues was found to be less in most instances than that of a 
000 catgut suture line. The exception to this was found in fascia, a very con¬ 
densed connective tissue. This naturally raised the question as to the strength 
of catgut as an arterial suture. Dry 00000 medium chromic catgut has been 
said to have a tensile strength of 560 grams. 18 Anastomoses made with this 
material were found by Sako and associates 18 to leak at pressures below' those 
observed with silk. It should be noted, however, that the values obtained bj 
them on the various days postoperatively were from single animals, and, con¬ 
sequently, these data are not fully conclusive. The delayed fatal hemorrhage 
observed by these authors with the everting technique and catgut is at variance 
with the success enjoyed by us and others. 19 ’ 20 Their similar difficulties with 
the everting technique and silk suggest that the type of suture material v'as not 
a primary' factor. 

Howes and co-workers demonstrated that infection, hemorrhage, and tissue 
necrosis increased the early inflammatory reaction which hastened absorption, 
and hence caused a rapid loss of tensile strength regardless of chromicizing or 
size of the suture. In the field of vascular surgery, these are the same factors 
which have predisposed to hemorrhage and thrombosis regardless of suture 
material. There would seem to be little excuse for abandoning certain strict 
rules of vascular suture technique which demand avoidance of contamination, 
poor hemostasis, and careless handling of tissues. Certain vascular surgeons 
have expressed a fear to use catgut because of possible empyema, and others a 
desire to reinforce the catgut line with interrupted silk sutures. 
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Iii animals the use of interrupted silk sutures, when growth of the vessel 
is involved, has been found very satisfactory. However, the experiments car¬ 
ried out in baby pigs revealed that, after full growth had been obtained, anas¬ 
tomoses made with continuous catgut had shown a similar increase in size to 
those made with interrupted silk. In contrast, those made with a continuous 
silk suture technique showed little or no increase in diameter. Others, however, 
have considered significant increase in size of the anastomosis possible when a 
continuous silk suture is employed in a growing animal. 17 - 21 - 35 W e noted less 
constriction at the catgut anastomosis after several weeks than at the silk line 
when considering the degree of constriction which had been present at time of 
operation. 

The incidence of thrombus formation at the proximal suture line must be 
analyzed, especially since we found small mural thrombi in three instances, 
moderate sized in two, and complete thrombotic occlusion in two, among the 
twenty homografts. It is difficult to evaluate thrombus formation when homo¬ 
grafts are used, since this incidence is no greater than that which we observed 
in a large series of aortic homografts implanted with silk alone. 2 *- 20 - 26 

In our series of over seventy-five implanted aortic homografts in which 
00000 arterial silk alone had been used for both suture lines, post-mortem exam¬ 
ination has now been carried out in over half of these animals. It was noted 
that mural thrombosis most frequently began at the proximal suture line or 
in the midportion of the graft as in the group being reported here. In all in¬ 
stances the smaller thrombi were rapidly endothelized and became so well or¬ 
ganized as to be identifiable only by microscopic examination. 

In the carotid group it appeared that the age of the graft and inside 
diameter were more important factors in thrombus formation than how the 
grafts were stored or what suture material was used. It seems of further 
significance that no thrombosis was encountered in the eight carotid autografts. 
This superiority of the autocraft agrees with previous studies of grafts in small 
arteries. 36 In a further attempt to compare catgut and silk in regard to inci¬ 
dence of thrombosis we again refer to the studies by Sako and associates. 15 
" d' 1 000000 silk used for a single end-to-end anastomosis of the aorta by dogs, 
there were eleven incidences of thrombi among thirty noneverted suture lines, 
and ten among twenty-six everted anastomoses, or an incidence of 35 to 40 
per cent. With 00000 catgut, there were two instances of thrombus formation 


among ten noneverting anastomoses performed with chromic gut and none 
among three noneverting lines made with plain gut, or an incidence of 9 to 
20 per cent. While statistically not suitable for quantitative comparison, there 
1 id not appear to be any greater tendency or catgut to cause thrombosis. 

With regard to the clinical cases, we have usually felt that the optimum 
time for repairing a coarctation of the aorta is in the early teens when most 
01 t le aol 'tic growth has been accomplished and when little sclerosis is present 
m the vessel. The clinical recognition of coarctation in infants and young c-hil- 
v len llas not been very frequent apparently, 3739 and reports of operation on 
joung children and infants have been rare. 39 Our previous experience with a 
t0n inil0Us everting horizontal mattress suture of 00000 braided silk in two 
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children 9 years of age indicated that only partial correction of the defect 
may have been effected, since significant hypertension was observed subsequently. 
Once operation was indicated by the rapidly progressive hypertension of the 
21-month-old infant, and cardiac enlargement in the 5-year-old girl, we elected 
to use the suture material which has appeared to cause the least late tissue 
reaction and scar formation, according to experimental studies. 

Of the tests, the low frequency critically damped ballistocardiograph 
deserves mention in regard to eases of coarctation. As developed by Nickerson, 10 
it differs considerably from the Starr type. The lack of overshoot allows a 
characteristic pattern to be demonstrated by the patient with coarctation which 
differs greatly from that of a normal individual. 41 ' 43 Postoperative checks of 
this pattern as well as of stroke volume and cardiac output have given us 
valuable clues as to the effectiveness of various types of repair. 

Of similar value have been the records of arterial pressures obtained directly 
from the brachial and femoral arteries before and after surgery. The return 
toward normal of the pulse lag, contour of the femoral pulse wave and arterial 
pressures has been charted in a number of cases by us and others. 4010 The 
data obtained in our other cases of coarctation will be published in a separate 
report. 

In general, it may be said that end-to-end repair is by far the best method 
of correcting a coarctation in the adult, and probably the only completely 
satisfactory method in the growing child. Experience in growing animals am 
human beings has shown that anastomosing the subclavian artery to the dista 
aortic stump or interposing a preserved homograft 50 may result in a partiu 
coarctation, after full growth has occurred. 

Among the cases of portal hypertension, which have been referred to us, 
the number of children has been surprisingly large. The usual causes have 
been cavernous transformation of the portal vein, thrombosis in the portal 
system, and schistosomiasis. Here, again, there is a distinct effort made to 
produce an anastomosis which can enlarge as the child grows. Whether catgut 
or silk is employed for anastomoses in children, one should rely on interrupted 
sutures as being most likely to allow maximal growth at the suture line, and 
certainly as the safest technique with catgut. 

SUMMARY 

Fine sizes of braided silk and medium chromic catgut were used to im¬ 
plant vascular grafts into twenty dogs. By using both suture materials in 
the same animal, a comparative study was possible. The anastomoses were 
examined after from one to one hundred and sixty-eight day's. 

Grossly, the chromic catgut began to fragment in about four weeks. At 
times the fibrosis at the silk suture line seemed greater than that observed at 
the catgut anastomosis. Occlusion of some of the grafts by thrombosis was be¬ 
lieved related to the use of homografts in these dogs, rather than to the type 
of suture material. Microscopically, the early cellular reaction about the cat- 
„ u t was <r rea ter than that about the silk in some specimens. In others, com¬ 
parable but varying degrees of reaction were found about both types of suture 
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material. In a few weeks, excellent fibrous union occurred in all instances. 
Residual fragments of catgut were observed for several months. Occasionally 
granuloma formation was noted about the silk strands. 

The use of interrupted 00000 medium chromic catgut sutures for major 
vascular anastomoses is reported in three children. In two of them, a c e 
months and years, a coarctation was excised and end-to-end aortic anasto¬ 
mosis carried out. In the other, aged 4 years, a spleno-renal shunt was per¬ 
formed. In all. the clinical result has been very satisfactory to date. 

We wish to thank J. A. Deknatel and Son. Inc., and Ethieon Suture Laboratories for 
their generous cooperation. In addition, we wish to acknowledge the assistance rendered 
throughout by Miss Daisy Mapes, R.X., and tier assistants; the technicians m the Surgica 
Pathology Laboratory; and Dr. Hugli Fitzpatrick. Dr. Sanford Weissman. and Dr. John L. 
Nickerson. 
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SIMPLE EXCISION IN THE TREATMENT OF PULMONARY 
TUBERCULOSIS 

Bernard J. Ryan, M.D., Bay Shore, N. Y., Edgar M. Medlar, M.D., Suxmount, 
N. Y., and Edward S. Welles, M.D., Saranac Lake, N. ^. 


T HIS preliminary report concerns an experience of a year in the surgical 
removal of pulmonary tuberculous foci which remain after continuous daily 
antimicrobial therapy with streptomycin and PAS has been in force tor four 
months or longer. The practice has been to perform local excision of diseased 
areas, usually with disregard for the segmental anatomy of the lung, and the 
rationale for this surgical procedure is based on three principles. The first prin¬ 
ciple relates to the significance of the necrotic (caseous) tuberculous focus as 
the cause of clinical relapses of the disease. The second principle concerns the 
absence of tubercle bacilli in sputum, for it is our belief that many of the post¬ 
operative tuberculous complications are related to operation performed at a 
time that the sputum contains organisms. The third principle relates to a con¬ 
servation of good functioning lung tissue, for in most patients the most dan¬ 
gerous pulmonary disease is located in the superior and posterior portions of 
lobes of lung. 

At this date, thirty patients have been operated upon, and the immediate 
results have been sufficiently encouraging to warrant a continuation of the 
program. The patients are in two distinct groups with regard to the extent of 
the pulmonary disease on admission to the hospital. One group consists of four 
patients with disease of minimal extent, none of whom had shown tubercle 
bacilli in repeated cultures of sputum or gastric washings during hospitaliza- 
tion. T he logic back of the operative procedure in these eases was based upon 
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the report of one of us 1 that minimal pulmonary tuberculous disease always 
contains one or more necrotic lesions; and generally is a localized lesion in the 
superior and posterior portions of lobes of lung-. It should, therefore, be pos¬ 
sible to remove the necrotic lesions completely by a small local excision. The 
remaining twenty-six patients had moderately (sixteen cases) or far-advanced 
(ten cases) pulmonary disease on admission to hospital. None had had posi¬ 
tive cultures of sputum or gastric contents for many weeks or months prior 
to surgery, although most had shown repeated positive cultures or smears of 
sputum prior to and early in the course of chemotherapy. . 

CARDINAL POINTS IN THE PATHOGENESIS OE PULMONARY TUBERCULOSIS 

Pulmonary tuberculosis is an infectious disease which is induced by the 
inhalation of an extremely minute air-borne particle that contains tubercle 
bacilli. This particle may, by chance, lodge in any portion of the lung paren¬ 
chyma, and a minute microscopic focus of lobular pneumonia is produced at 
the site of deposit. Unless this particle lodges in a vulnerable spot in the lung 
(the upper and posterior portions of pulmonary lobes in the adult 1 ), the dis¬ 
eased area seldom becomes more than a few millimeters in diameter and eventu¬ 
ally heals without any further dissemination. The common finding of single 
fibrocalcific nodules in the lower and anterior portions of the pulmonary lobes 
at necropsy on persons who die from causes other than tuberculosis is ample 
proof that tuberculous foci in these regions very commonly heal. However, it 
is common, although not universal, for bacilli-containing particles that lodge 
in the superior and posterior portions of pulmonary lobes to induce a progres¬ 
sive pulmonary disease. The cardinal difference between the initial disease m 
these locations is that the necrotic focus in the lesion in the upper portions ot 
lobes commonly sloughs into its connecting bronchus whereas sloughing of 
lesions in other areas seldom occurs. From this, it is readily seen that the 
process of necrosis and of sloughing of the necrotic lesion into the bronchial 
tree is a most important element in progressive pulmonary tuberculosis. 

The complex morphologic picture that occurs as a result of the dissemina¬ 
tion of the disease through the bronchial tree has been presented previous!.' 
by one of us, 2 and at present only two phenomena will be mentioned. J* rc ‘ 
cpiently there are considerable areas of pneumonia which do not procede to 
necrosis. These areas of disease are reversible, and heal either by complete 
resolution or by sear formation. Other areas undergo necrosis and are irre¬ 
versible. These form the well-known necrotic pneumonic lesion (the caseous 
lesion) which essentially is a tuberculous abscess. These absceses may soften 
up and slough into the connecting bronchus early or they may remain with the 
dead framework of the lung intact within the necrotic zone for many months, 
or even Years. All of the necrotic pneumonic areas have a tendency to slough 
and the larger the lesion the greater is the hazard because an organization by 
fibrosis is extremely slow and difficult. A discharge of the softened necrotic 
debris into bronchi leads to the formation of the tuberculous cavity and, since 
the necrotic area is seldom cleanly sloughed, the cavity “wall” is composed to a 
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greater or lesser extent of necrotic lung tissue. It is this situation that makes 
a complete healing of cavity by sear formation so difficult and that leaves on 
“closure” of cavity an area of necrotic material surrounded by scar tissue with 
the patent connecting bronchus remaining or only plugged by inspissated 
debris. Such a filled-in cavity can again become an open cavity if the inspis¬ 
sated contents become sufficiently fluid to flow down the bronchus. It is the 
common persistence of the unhealed necrotic pneumonic tuberculous lesions in 
persons who have become clinically well of the disease that are the cause of 
relapses of the disease at a later date. These necrotic lesions usually harbor 
living bacilli for a long time and, although the numbers of bacilli are extremely 
variable, they sometimes are present in tremendous numbers even if they are 
not demonstrable in sputum. Unless these necrotic lesions are eradicated by 
one means or other, they constitute a major threat to the continued health of 
the tuberculous patient. 


ANTIMICROBIAL THERAPY 

The effect of combined streptomycin and PAS therapy in patients with 
moderately or far-advanced pulmonary tuberculosis at Sunmount are being 
reported by D’Esopo and Ealeigh. 3 The emergence of a bacillary population 
that is resistant to either chemical agent is greatly delayed, and the degree of 
resistance that develops is of a lesser order than if either agent is used alone. 
Clinical relapse even under continuous treatment for two years has been rare, 
and over 80 per cent of the patients have had their sputum become and stay 
negative for bacilli. A gradual and progressive clearing of pulmonary roent- 
genographic shadows takes place over a period of months to a point beyond 
which stable roentgenographic shadows remain. Tuberculous cavity-forma¬ 
tions usually are lost to view with shadows of demonstrable size remaining. 
These roentgenographic changes, interpreted on a pathologic basis, are con¬ 
sidered to represent a disappearance of the reversible pneumonic areas, a per¬ 
sistence of the necrotic pneumonic lesions and a filling in of cavities. These 
observations apply to patients who previously had not been treated ehemo- 
therapeutieally. The results obtained in the retreatment of patients is much 
less satisfactory. 

In this series, the effect of long-term streptomycin and PAS on minimal 
lesions has been observed both from a clinical and pathologic point of view. 
In the past, dissatisfaction has often arisen with the treatment of small lesions 
in young medical students, doctors, and nurses who have broken down during 
training and are so commonly sent to one of the sanitoria in the Saranac Lake 
area for treatment. Most of these young people have recovered permanently 
after a reasonable course of bed rest. However, a fair proportion of them have 
had second, third, or fourth breakdowns shortly after they were allowed to 
resume activity and, in spite of a variety of forms of treatment, have continued 
to be patients over a period of five or six years. It would seem logical that by 
tloin" small resections on these early localized lesions, one might eliminate, 
tlien°and t | ierej the dangerous portion of the infection and prevent these 
s ireads and prolonged periods of invalidism. Residual necrotic foci have been 
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Fig. 2A.—A 31-year-olil white man who had an acute onset of pulmonary tuberculosis 
m February. 1949. with high fever, toxemia, and acute tuberculous laryngitis. There is a 
large cavity in the apical segment of the right lower lobe, a pneumonic infiltrate, and multiple 
cavities in both upper lobes. Streptomycin and PAS were begun at this time. 

Fig. 2B.—This is the same patient after seventeen months of continuous daily streptomy¬ 
cin and PAS. Only dense shadows remain, representing necrotic foci and filled-in cavities. 
The pneumonic component has disappeared. 
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r ‘Sht h)\ver?nhZ T i le J r i? ht , lateral . vi ,°' v shows the filied-in cavity in the apical segment of the 
there previnn-u- tlle dense shadows in the posterior segment of the right upper lobe where 
cmuuuij were multiple cavities. 

remove^f'o^tir^leral resection has been completed. Three segments and one wedge were 
^advertently diviwi'‘he •eft. three large wedges were removed. The right phrenic was 
cmided at operation. He has had ten negative sputum cultures postoperatively. 
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found in each patient operated upon for a minimal lesion, and tubercle bacilli 
hare been shown to be present in each lesion despite repeated negative gastric 
and sputum cultures. 

SURGICAL APPROACH 

Surgical intervention is timed to the individual patient. Disappearance of 
bacilli in sputum and the establishment of stationary roentgenographic picture 
is awaited. Advancement of the date of operation is unnecessary in the fear 
that resistant organisms may emerge in large numbers or that the benefit of 
chemotherapy may be lost before surgery is instituted. To locate and evaluate 
lesions prior to surgery, serial roentgenograms, lateral and oblique views, and 
planigrams are studied. 



A. 8. 


Fig- 3U.—This is a 40-year-olU nurse who contracted minimal tuberculosis in 193 S- S 
has had four breakdowns in thirteen years and has gradually become worse. She has caviw j 
disease on the left side. 

Fig. 3B . —This is following wedge resection on the right side. This is the only 
in the series in which the streptomycin course was interrupted. Wedge resection was 
formed on the left upper lobe on Feb. D, 1951. 

At exploration, the entire lung is carefully palpated to determine the 
amount of excision that is necessary. The necrotic lesions are easily detected, 
even if they are only a couple of millimeters in diameter. Usually filled-in 
cavities are easily palpated, although these may not be as firm to the touch 
as unsloughed necrotic foci. Commonly the lung feels normal in large areas 
which previously had shown extensive roentgenographic shadows. Little dii- 
ficultv has been encountered in locating lesions which were indicated by roent- 
o-enographic shadows; however, it has not been unusual to find significant 
lesions which were not suspected from study of roentgenograms. 

The amount of lung tissue to be excised is determined after a complete 
palpation of the lung has been made with the preservation of a maximum 



F- in— This is a ma e ni(ication of the previous film showing- the lesion at the right apex, 
ot the‘fight "' e , d A® of necrotic tuberculosis (minimal lesion 1 was removed from the apex 
operativeiv a n5 P ft '°he. The patient received four months of streptomycin and PAS pre- 
working full t"me as a residenf ph^'iciam®® h°- top erat,vely. Since Jan. 1 . 1952. he has been 
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amount of functional lung- being carefully considered. Usually only wedges 
of lung are resected, although on occasion the removal of an entire lobe or a 
lung may be necessary. Some patients have many small nodules scattered 
throughout a lobe or a lung and, in such instance, one hesitates to sacrifice so 
much healthy lung parenchyma. The nodules located in the superior portions 
of lobes are resected, usually by wedge resection, because they are located in 
the vulnerable portions of lobes. 1 Wedges nf?iy be removed from other parts 
of the lung if numerous nodules are present in the area. In any location, le¬ 
sions over 0.5 cm. have been removed singly. As many as nine wedges hare 
been removed from the same patient. Minute lesions in the lower portions of 
lobes are left undisturbed on the pathologic basis that there is a strong tend¬ 
ency for small necrotic lesions in such locations to heal. 

The surgical technique in itself is simple. The wedge to be resected is out¬ 
lined, the pleura is incised a short distance beyond the disease area, and the 
ara is excised en bloc. Sutures are applied to bleeding points and bronchial 
leaks. Usually the large bronchus at the apex of the wedge has appeared to 
be normal and is easily ligated. In most instances, no effort has been made to 
pleuralize the raw surface or to close the defect by approximating the edges. 
However, in a few instances, persistent small bronchial leaks have been eon 
trolled either by placing gelfoam or pleural grafts on the raw surface. b° 
infrequently, the disease may appear too deeply located to allow a wedge resec¬ 
tion. However, experience has shown that after the segmental vessels an 
bronchi have been dissected out, the diseased area can be lifted away from ie 
hilum, and a wedge or subsegmental resection can be performed. 

EARLY RESULTS 

Prior to Feb. 1, 1951, thirty consecutive wedge or subsegmental resec¬ 
tions have been done with bilateral resections in three patients. The pathology 
in each resected specimen showed necrotic pneumonic lesions and the cavity- 
bearing areas removed showed filled-in cavities with patent bronchial com¬ 
munications. Otherwise there were areas of scarred tissue with extremely 
little evidence of unhealed nonneerotic pneumonic lesions. The bronchi at 
the resected end of the wedge have showed little evidence of disease other than 
some lymphocytic infiltration of an intact mucosa. Tubercle bacilli have been 
demonstrated in one or more necrotic lesions in every case, although not in all 
lesions. Patent bronchial communications with some necrotic lesions were 
demonstrated microscopically, although they were not found macroscopically. 
Two hundred three' postoperative cultures of sputum or fasting gastric con¬ 
tents for tubercle bacilli have all given negative results. There has been little 
change in the cardiorespiratory reserves postoperatively, as compared to pre¬ 
operative findings. Nearly all have had preoperative and postoperative pul¬ 
monary function studies. No postoperative tuberculous complications have 
arisen. No complications of any sort have occurred in the four patients with 
minimal disease. As a rule, the postoperative course has been benign. At 
present, all patients are in excellent physical condition. The following is a list 
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of complications that have been encountered and that one might expect to 
occur following the surgical procedure used: 

Number of Operations 

Hemothorax requiring postoperative evacuation 
"Atelectasis” requiring brouchoseopie evacuation 
Division of phrenic nerve (inadvertent) 

Wound infection 
Empyema 

Bronchopleural fistula 
Increase of pulmonary tuberculosis 

Total 

CONCLUSION' 

It is fully recognized that these early results give only a part of the pic¬ 
ture, and that a lapse of five years may be necessary for the story to be com¬ 
pleted. It is not claimed that this approach to the surgical problem of the 
tuberculous lung will eradicate all of the pulmonary disease; however, it is 
anticipated that the small lesions left behind will cause no further trouble. 
There is maximum conservation of normal functioning pulmonary parenchyma. 
However, if this approach to the problem does not yield results superior to 
other accepted methods of treatment, then it can be definitely concluded that 
pulmonary tuberculosis is not a disease that can be controlled by surgical 
excision. 

ADDENDUM 

Feb. IS, 1952. Follow-up to date reveals no clinical or roentgenologic relapse in this 
series. One patient has had two positive sputum cultures since operation. He had received 
previous courses of streptomycin. 
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When this paper was presented at Atlantic City the section in the text on Pathologv 
was omitted due to time limitation. The following discussion by Dr. Welles was put in 
to clarify the pathologic concepts on which the surgery was based. 

The slides referred to in Dr. Welles’ discussion are color plate Illustrations I and II. 
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DISCUSSION 

DR. EDWARD S. WELLES, Saranac Lake, N. Y.—I am sorry Dr. Medlar is not here 
to discuss the pathogenesis and the pathology of tuberculosis. Most of us probably feel 
that we understand the pathology of tuberculosis thoroughly, but I have had to change my 
wav Of thinking about it since associating with Dr. Medlar, and possiblv I can explain his 
thoughts to you. 

have been taught in the past that the process is the invasion of the lung by 
tubercle bacilli, followed by acute inflammatory reaction with invasion polvs which are 
a,er replaced by lymphocytes and giant cells; caseation can occur in the center of a lesion 
and then he replaced by the infiltration of fibroblasts and formation of a scar. The trouble 
'"th thinking about tuberculosis in that way is that that happens in microscopic lesions and 
ie demonstration of that process which has been shown so well by many pathologists and 
" Udl "' as taught for years by Dr. Leroy Gardner, is that the demonstration was made with 
microscope. All that picture can be shown in the microscope. But Dr. Medlar has shown 
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llIu , stra tions are from tuberculous lung tissues which were surgically re- 
t i^They- were selected to portray the different phases in the pathology of pulmonary 
aniiS o 10sl T s r» Illustrations V anc ^ VI were from the lesions shown in roentgenograms Figs. 3.4 
Illustration VII is from the lesion represented in roentgenograms Figs. 4.1, 45, 4C, 
anu ijj. Koentgenograms from the other illustrations are not shown. 


,. Illustrations I, II, V, and VI are enlarged five diameters, III and VII are enlarged seven 
diameters, is enlarged thirty diameters, and VIII is enlarged fifteen diameters. 

Illustration I.—This illustrates an area of “nonnecrotic” tuberculous pneumonia that is 
composed of “epithelioid" tubercles and of areas of lobular pneumonia without evidence of 
necrosis, other than microscopic areas, either of the lung framework or the inflammatory cellular 
reaction. This is the "reversible” phase of the pathology of pulmonary tuberculosis and rep¬ 
resents the disease which "clears” roentgenographically during "bed rest,” pneumothorax, or 
proper chemotherapy. J 


Illustration II.—This illustration shows a "necrotic" or "caseous” tuberculous pneumonia 
of about the same size as in Illustration I. This is the “irreversible” phase of tuberculous 
pneumonia. This phase of the disease remains after “bed rest,” pneumothorax, and chemo¬ 
therapy, and constitutes the hazard of “relapse” of the disease after “clinical” recovery. U is 
this type of lesion which gives rise to cavity formation if it softens up and sloughs tnrougn 
the bronchus which connects with the necrotic area. In this particular lesion no bacilli were 
tound however in many lesions which are morphologically identical bacilli are often present 
large numbers. This lesion is an endobronchial dissemination or metastasis and was pu> 
m the lower posterior portion of an upper lobe. 

_ tl Illustration III.—This illustration is from the apical area of the same lobe as the lesion 
m Illustration II. There are five small “necrotic” pneumonic lesions present. One oi j 
small lesions showed large numbers of bacilli. Since the superior portions of pulmonai > . „ 
are the most vulnerable portions of the lung in tuberculosis, lesions of any size in tnese i eg 
should be excised when palpated on exploration of a lung. Both size and location oi its 
need to be considered in the decision of excision. 

Illustration IV.—This old necrotic lesion was removed from a patient 
known to have pulmonary tuberculosis for eight years, and who had had four sepamie no i 
admissions. Before surgery the patient had been on continuous combined streptom> i * 
PAS for over a year. The lesion illustrated measured only three millimeters in. .! ai ,V A ?r!Lcents 
was not visualized in roentgenograms, but was easily palpated at operation. This iepi 
one of the small local excisions commonly made. Note the bronchus connecting. uuecji> 
the necrotic area and having necrotic debris within its lumen. The bronchial 1 in in ff .j_ 

is normal up to the point at which it abuts upon the necrotc area. A peripheral zone o 
formed fibrotic tissue surrounds the necrotic area except at the point of bronchial conn ^ 
This is a common situation and is the principal factor which allows pulmonary tUDeicuio 
be an unpredictable disease that has a strong tendency to relapse. Bronchi common 
plugged by necrotic debris but rarely are obliterated by scar formation across tnen 

Illustrations V and VI.—These two illustrations are from the two lungs of the* 
patient. Illustration V shows the pathology found in a “wedge” resection attei to*J t i c « 
streptomycin and PAS had been in effect for one month. Both “nonnecrotic antl j n a 

areas of tuberculous pneumonia are present. Illustration VI shows the pathology R 1 ®* j ia ,i 

“wedge” resection from the opposite lung after combined streptomycin and PAb . tne * a * 3 D },j c 
been in effect for six months. During this time considerable “clearing” of roentgenogi i 
shadows had occurred in the area from which the “wedge” was removed. In tins jy,. q tion 
“necrotic” lesions and some scar formations are present. The lesion represented in 1 .£:* vere 
V had shown a stationary roentgenographic shadow for five years. Tubercle oaciiii . 
demonstrated in necrotic lesions on both sides, both in tissue section and by culture. aiu ever 
this patient had had four relapses over a period of twelve years, tubercle bacilli nau 
been demonstrated in the sputum. 

Illustration VII.—This illustration is a cross-section of a small wedge of lung -bssu 
removed from a patient with “minimal” pulmonary tuberculosis. The patient first react*, u 
tuberculin in 1947, and showed a small shadow in the area resected in 1948. The shadow re¬ 
sisted after one year of “bed rest” therapy and an additional four months of combined strepuj: 
mycin and PAS therapy. The wedge of lung removed measured about 2.5 cm. across, ocim 
section of the entire specimen showed the presence of six separate lesions—two of whicn 
largely scar tissue and the other four were similar to the lesions in the illustration. In on 
of the scarred areas was an organizing old necrotic focus which was interpreted as the initial 
necrotic lesion from which the others were disseminated. The three lesions in the illustration 
show a peripheral organizing zone of granulation tissue and a central "core” composed in 
large part of neutrophiles. Tubercle bacilli in small numbers were found in the exudate in tnese 
lesions but were not found in the scarred areas. Only an occasional epithelioid tubercle aim 
giant cell was found in the serial sections. 


Illustration VIII.—This illustration is from a small wedge of lung tissue removed from 
a patient with a history similar to that of the patient illustrated in Illustration VII, with the 
exception that the date of conversion to a reactor to tuberculin was not known. Also this 
patient showed an increase of disease near the end of his course of bed-rest therapy. He was 
then started on combined streptomycin and PAS therapy and after five months of this treat¬ 
ment the roentgenographic shadows had receded to their original size. The specimen removed 
contained two fibronecrotic foci which measured about three millimeters across and a larger 
lesion which measured six tenths by one centimeter. The largest lesion was serial sectioned 
„ n( j th e illustration from one level of the serial sections. This lesion proved to be a minute 
n-ivitv formation partly filled with necrotic material and it also had a patent bronchial com- 
nfimirition An occasional tubercle bacillus was found in the necrotic contents of the cavity. 

cm’p n f the larger lesion is seen a fibronecrotic focus which measured less than two 
cross and which had a small calcific center. At another level this old focus 
nn integral part of the larger lesion and it seems probable that this was the source 
becomes an in * lesion had its origin. This clearly portrays the complexity frequently 

encountered even in small and seemingly insignificant tuberculous lesions. 
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lowing illustrations are from tuberculous lung: tissues which were surgically re- 
1 hey were selected to portray the different phases in the pathology of pulmonary 
0S t1i ^ lu f. trat ions V and VI were from the lesions shown in roentgenograms Figs. 34 
i 7Tv "lustration AII is from the lesion represented in roentgenograms Figs. 4.4. IB, W, 
and -iD. Roentgenograms from the other illustrations are not shown. 


Illustrations I, II, V, and VI are enlarged five diameters, III and VII are enlarged seven 
diameters, IV is enlarged thirty diameters, and VIII is enlarged fifteen diameters. 

Illustration I.—This illustrates an area of “nonnecrotic" tuberculous pneumonia that is 
composed of “epithelioid" tubercles and of areas of lobular pneumonia without evidence of 
necrosis, other than microscopic areas, either of the lung framework or the inflammatory cellular 
reaction. This is the “reversible" phase of the pathology of pulmonary tuberculosis and rep¬ 
resents the disease which “clears" roentgenographically during “bed rest," pneumothorax, or 
proper chemotherapy. 


Illustration II.—This illustration shows a “necrotic" or “caseous" tuberculous pneumonia 
of about the same size as in Illustration I. This is the “irreversible” phase of tuberculous 
pneumonia. This phase of the disease remains after “bed rest," pneumothorax, and cryo¬ 
therapy, and constitutes the hazard of “relapse" of the disease after “clinical” recovery, n is 
this type of lesion which gives rise to cavity formation if it softens up and sloughs throug 
the bronchus which connects with the necrotic area. In this particular lesion no bacilli were 
found however in many lesions which .are morphologically identical bacilli are often present m 
large numbers. This lesion is an endobronchial dissemination or metastasis and was prt>e 
in the lower posterior portion of an upper lobe* 

Illustration III.—This illustration is from the apical area of the same lobe as the lesion 
in Illustration II. There are five small “necrotic” pneumonic lesions present. One oi j 
small lesions showed large numbers of bacilli. Since the superior portions of pulmona talons 
are the most vulnerable portions of the lung in tuberculosis, lesions of any size in .these 
should be excised when palpated on exploration of a lung. Both size and location oi 
need to be considered in the decision of excision. 

Illustration IV.—This old necrotic lesion was removed from a patient 
known to have pulmonary tuberculosis for eight years, and who had had four separate: iw i , 
admissions. Before surgery the patient had been on continuous combined streptom><-i 
PAS for over a year. The lesion illustrated measured only three millimeters ents 

was not visualized in roentgenograms, but was easily palpated at operation. Tins iepi ^ 
one of the small local excisions commonly made. Note the bronchus connecting un pj, u m 
the necrotic area and having necrotic debris within its lumen. The bronchial hums well- 
is normal up to the point at which it abuts upon the necrotc area. A peripheral zone m 
formed fibrotic tissue surrounds the necrotic area except at the point of bronchial conn 
This is a common situation and is the principal factor which allows pulmonary tuoercuiu ar e 
be an unpredictable disease that has a strong tendency to relapse. Bronchi ,„ nicn . 

plugged by necrotic debris but rarely are obliterated by scar formation across then 

Illustrations V and VI.—These two illustrations are from the two lungs of the' 
patient. Illustration V shows the pathology found in a "wedge” resection after coi t * c » 
streptomycin and PAS had been in effect for one month. Both “nonnecrotic and nc a 
areas of tuberculous pneumonia are present. Illustration VI shows the pathology j ia) j 

“wedge" resection from the opposite lung after combined streptomycin and PAS , tne J[ a J;L 0 hic 
been in effect for six months. During this time considerable “clearing" of roentgenos«» j y 
shadows had occurred in the area from which the “wedge" was removed. In this 
“necrotic" lesions and some scar formations are present. The lesion represented in mu-, j ere 
V had shown a stationary roentgenographic shadow’ for five years. Tubercle Dacii l ,{. oUff |j 
demonstrated in necrotic lesions on both sides, both in tissue section and by culture. 
this patient had had four relapses over a period of twelve years, tubercle bacilli nan 
been demonstrated in the sputum. 

Illustration VII.—This illustration is a cross-section of a small wedge of lung tissue 
removed from a patient with “minimal" pulmonary tuberculosis. The patient first reacted 
tuberculin in 1947, and showed a small shadow’ in the area resected in 1948. The shadow pe 
sisted after one year of “bed rest" therapy and an additional four months of combined strep . J 
mycin and PAS therapy. The w’edge of Jung removed measured about 2.5 cm. across, bciw 
section of the entire specimen showed the presence of six separate lesions—two of which 
largely scar tissue and the other four were similar to the lesions in the illustration. In om. 
of the scarred areas was an organizing old necrotic focus which was interpreted as the lrntm 1 
necrotic lesion from which the others were disseminated. The three lesions in the illustration 
show a peripheral organizing zone of granulation tissue and a central “core" composed in 
large part of neutrophiles. Tubercle bacilli in small numbers were found in the exudate in these 
lesions but were not found in the scarred areas. Only an occasional epithelioid tubercle anti 
giant cell was found in the serial sections. 


Illustration VIII.—This illustration is from a small wedge of lung tissue removed from 
a patient with a history similar to that of the patient illustrated in Illustration VII. with the 
exception that the date of conversion to a reactor to tuberculin was not known. Also this 
oat lent showed an increase of disease near the end of his course of bed-rest therapy. I 
then started on combined streptomycin and PAS therapy and after flve_montbs of this 
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' t i,p illustration from one level of the serial sections. This lesion proved to be a minute 
formation partly filled with necrotic material and it also had a patent bronchial com- 
caMiy iy occas ional tubercle bacillus was found in the necrotic contents of the cavity. 
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millimeters acros^ of the larger lesion and it seems probable that this was 

becomes an hia Kraer lesion had its origin. This clearly portrays the complexity 
Counter ell even in small and seemingly insignificant tuberculous lesions. 


the source 
frequently 

































336 


THE JOURNAL OF THORACIC SURGERY 


The following: illustrations are from tuberculous lung tissues which were surgically re- 
moved* They were selected to portray the different phases in the pathology of pulmonary 
tuberculosis. Illustrations V and AT were from the lesions shown in roentgenograms Figs 3A 
4 n illustration ATI is from the lesion represented in roentgenograms Figs. 4-4, IB, 4C, 
and 41). .Roentgenograms from the other illustrations are not shown. 


Illustrations I. II, A', and AT are enlarged five diameters. III and ATI are enlarged seven 
diameters, IA r is enlarged thirty diameters, and VIII is enlarged fifteen diameters. 

Illustration L—This illustrates an area of "nonnecrotic” tuberculous pneumonia that is 
composed of "epithelioid" tubercles and of areas of lobular pneumonia without evidence of 
necrosis, other than microscopic areas, either of the lung framework or the inflammatory cellular 
reaction. This is the "reversible” phase of the pathology' of pulmonary* tuberculosis anil rep¬ 
resents the disease which "clears” roentgenographicallv during “bed rest,” pneumothorax, or 
proper chemotherapy'. 


Illustration II.—This illustration shows a "necrotic” or "caseous” tuberculous pneumonia 
of about the same size as in Illustration I. This is the "irreversible” phase of tuberculous 
pneumonia. This phase of the disease remains after "bed rest,” pneumothorax, and cnemu- 
therapy', and constitutes the hazard of "relapse” of the disease after "clinical” recovery, it * 
this type of lesion which gives rise to cavity* formation if it softens up and sloughs tnrot g 
the bronchus which connects with the necrotic area. In this particular lesion no bacilli ne 
found however in many* lesions which are morphologically identical bacilli are often present 
large numbers. This lesion is an endobronchial dissemination or metastasis and was pi** 
in the lower posterior portion of an upper lobe. 

Illustration III.—This illustration is from the apical area of the same lobe as the 
in Illustration II. There are five small "necrotic” pneumonic lesions present. Une oi , . 
small lesions showed large numbers of bacilli. Since the superior portions of pulmonary 
are the most vulnerable portions of the lung in tuberculosis, lesions of any size in tnese 
should be excised when palpated on exploration of a lung. Both size and location oi ie> 
need to be considered in the decision of excision. 


Illustration IA r .—This old necrotic lesion was removed from a patient who i^nsuita! 
known to have pulmonary tuberculosis for eight y*ears, and who had had four separate j 

admissions. Before surgery the patient had been on continuous combined strepionu , 

PAS for over a year. The lesion illustrated measured only three millimeters j!r";*y re «ents 
was not visualized in roentgenograms, but was easily palpated at operation. 1 "VLlrti v with 
one of the small local excisions commonly made. Note the bronchus connecting a *pr,jt helium 
the necrotic area and having necrotic debris within its lumen. The bronchial f u elh 

is normal up to the point at which it abuts upon the necrotc area. A Peripheral ^ 

formed fibrotic tissue surrounds the necrotic area except at the point of broncmai cun tQ 
This Is a common situation and is the principal factor which allows pulmonary tu a re 

be an unpredictable disease that has a strong tendency to relapse. Bronchi ,* inien . 

plugged by necrotic debris but rarely* are obliterated by scar formation across uieir 

Illustrations V and VI.—These two illustrations are from the two lungs of hine^ 
patient. Illustration V shows the pathology found in a "wedge” resection aft ® 1 .. 0 tjc” 
streptomycin and PAS had been in effect for one month. Both "nonnecrotic ana j n a 

areas of tuberculous pneumonia are present. Illustration AT shows the pathology pre j ja( j 
"wedge” resection from the opposite lung after combined streptomycin and PAb tiSSineraDhfc 
been in effect for six months. During this time considerable "clearing” of roentge 5 J n jy 
shadows had occurred in the area from which the “wedge” was removed. In tnis j,,ration 
"necrotic” lesions and some scar formations are present. The lesion represented in inu*-j were 
V had shown a stationary roentgenographic shadow for five years. Tubercle paciii ^ 
demonstrated in necrotic lesions on both sides, both in tissue section and by culture, j never 
this patient had had four relapses over a period of twelve y r ears, tubercle bacilli mi 
been demonstrated in the sputum. 


Illustration ATI.—This illustration is a cross-section of a small wedge of lung 4* * 0 
removed from a patient with "minimal” pulmonary r tuberculosis. The patient first reacie 
tuberculin in 1947, and showed a small shadow in the area resected in 194S. The snauow 1 
sisted after one year of "bed rest” therapy and an additional four months of combined strei 
mycin and PAS therapy. The wedge of lung removed measured about 2.5 cm. across. at« 
section of the entire specimen showed the presence of six separate lesions—two of wliicn « 
largely scar tissue and the other four were similar to the lesions in the illustration, in 
of the scarred areas was an organizing old necrotic focus which was interpreted as tne in 
necrotic lesion from which the others were disseminated. The three lesions in the lliusua 
show a peripheral organizing zone of granulation tissue and a central “core” composeu 
large part of neutrophiles. Tubercle bacilli in small numbers were found in the exudate in * 
lesions but were not found in the scarred areas. Only an occasional epithelioid tubercle «* 
giant cell was found in the serial sections. 


Illustration VIII.—-This illustration is from a small wedge of lung tissue removed 
a patient with a history similar to that of the patient illustrated in Illustration ATI, with 11 
exception that the date of conversion to a reactor to tuberculin was not known. Also i” 1 * 
patient showed an increase of disease near the end of his course of bed-rest therapy. He 
then started on combined streptomycin and PAS therapy and after five months of tills treiu* 
ment the roentgenographic shadows had receded to their original size. The specimen removeu 
contained two fibronecrotic foci which measured about three millimeters across and a largt-i 
lesion which measured six tenths by one centimeter. The largest lesion was serial section on 
and the illustration from one level of the serial sections. This lesion proved to be a nunuu, 
cavity formation partly filled with necrotic material and it also had a patent bronchial com* 
munication. An occasional tubercle bacillus was found in the necrotic contents of the cavil}* 
At one side of the larger lesion is seen a fibronecrotic focus which measured less than two 
millimeters across and which had a small calcific center. At another level this old focus 
becomes an integral part of the larger lesion and it seems probable that this was the source 
from which the larger lesion had its origin. This clearly portrays the complexity frequently 
encountered even in small and seemingly insignificant tuberculous lesions. 
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over the years that there are definitely two types of tuberculous processes in the lung. If 
a lobule of the lung is invaded by a relatively small number of tubercle bacilli, and their 
virulence is not too high, tuberculous pneumonia occurs. If another lobule is invaded bv 
an overwhelming number of bacilli, or very virulent bacilli, the tissue is killed and necrosis 
occurs, and these necrotic areas can be of almost any size. 

(Slide.) (Color plate I.) This is the typical lobule full of tuberculous pneumonia. Theie 
is no destruction of tissue except in small microscopic areas. You will get a better idea of 
the lesions Dr. Ryan showed if I tell you the size of these. Xone of the colored slide- shown 
by Dr. Ryan, and neither of these, is a magnified microphotograph; they are sections. This 
is an actual section of the lung, and the size is about one centimeter vertically by two 
centimeters horizontally. This is a reversible lesion. Under rest treatment this lesion can 
go on and heal and leave practically normal lung. Under antibiotic treatment it will heal 
and disappear and leave a clear shardow in the roentgenogram. At the present time this 
lesion leaves a solid shadow in the film which is indistinguishable from the lesion shown 
in the next slide. 

(Slide.) (Color plate II.) This is almost identically the same size lesion, about one 
centimeter by two centimeters—as large as the joint of my thumb: There is no magnification 
here except what is given by the projector. This is a necrotic, destroyed area that cannot 
return to normal under rest treatment, under pneumothorax, under antibiotic treatment. Fibro¬ 
blasts cannot work into this lesion from the capsule, replace the necrotic caseous material, and 
turn this lesion into a scar. I have had arguments with pathologists—“We have seen this 
fibrosis take place in necrotic lesions.” I remind them that they’ have seen that happen 
under the microscope, but have not seen it happen in lesions as big as the end of my finger 
like this one. The only way this lesion can disappear is by liquefying, emptying out. 
through its bronchus, which is there and open. That can happen without spread of tubercu¬ 
losis if the material is all coughed up; or it can produce spread as it is liquefied. If it 
liquefies, empties out, becomes then a thin-walled cavity, the walls can fall together and it 
can become a scar. 

These are the lesions left after long-term antibiotic therapy. These are the ones we 
are removing and these are the ones we are finding in minimal disease and taking out, 
hoping that we will prevent recurrence over and over again in these young people. 

(Slide.) This is a diagram that Dr. Ryan drew to show that the connection of the 
bronchus to the necrotic lesion is present, but the finding of it and showing it in the sec¬ 
tion is a matter of luck. We have often been told by the pathologists that a lesion is 
completely encapsulated. If the section is cut where the vertical line is you will find, as 
you saw in many of Dr. Ryan’s sections, a completely round encapsulated lesion with a 
rather thin capsule all the way around it. Obviously it has no bronchial connection. Ob- 
viously it is safe. However, if the section of the same lesion is made in the direction of 
die slanting line or horizontally at the level of the bronchus, the bronchial connection is 
immediately apparent. As Dr. Ryan said, bronehial connections, by careful examination by 
die pathologist, have been demonstrated in practically all these lesions when he took the 
double 1° look for them. 

I simply hope this will give a better picture of our conception of the pathology, when 
the criticism and discussion start. 

DR. JEROME HEAD, Chicago.—During the past few weeks, in my spare time, I 
uiye been reading Oswald Spengler’s Decline of the West. He gives as an inclination of 
' edming Civilization the development of virtuosity without a solid basis in reality. I mention 
1 lls 1)e cuuse I feel that as clinicians and surgeons there is a danger that we are givino- wav- 
jo such virtuosity; that we are turning our clinical functions over to the pathologist and bac- 
eriologist. If the bacteriologist by the most delicate methods can culture a single tubercle 
Mci'us from .a patient's gastric washings, we are argued into believing that the patient is 
j u] a "' 1U need of die excision of something—perhaps a segment of his lung, perhaps a whole 
«jjg. We must ask ourselves seriously if the patient with an occasional positive culture on 
-.istne wash following thoracoplasty is a menace to his associates or a menace to himself. Is 
Ul 1 a baling an indication for pneumonectomy? I do not believe so. 
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Similarly, is a patient on whom the pathologist can demonstrate a walled-off focus of 
tuberculosis or a minimal tuberculous infiltrate which has not healed entirely in the center, 
clinically tuberculous or clinically threatened 1 I do not believe so. I believe that we must 
insist on oUr rights as clinicians and that in these matters we must refer to experience and 
statistics. 


At Edward Sanatorium, 98 per cent of the patients who entered with minimal tubercu¬ 
losis were well live to ten years after their treatment with bed rest or pneumothorax. Our 
results on all the patients who are discharged as arrested show that 85 per cent are well from 
five to ten years after their discharge. In other words, our over-all recurrence rate is between 
10 and 15 per cent. In view of these statistics, I do not feel that we must surgically eradicate 
every shadow that appears ou the roentgenogram. What Dr. Medlar has shown and what 
Dr. Ryan and Dr. Welles are pointing out, is that we arrest tuberculosis, we do not cure it. 
After all, what we are after is people who, after treatment, are clinically well and who remain 
clinically well. I am not at all interested in people who are baeteriologically pure or patho 
logically beyond criticism. 

In saying this I do not mean that this paper is not worth while. It is probable that 
we will find that certain very large infiltrates are so dangerous as to warrant their resection. 
But to proceed from this to argue that every infiltrate should be removed is, in my opinion, 
a tendency toward virtuosity. 


DR. ROBERT G. BLOCH, Chicago.—To follow' up Dr. Head’s remarks, I take the 
Decline of the West for granted but not the decline of tuberculosis. One of the reasons for 
this is the very type of lesion which Dr. Ryan and Dr. Welles discussed. The so-called 
early reinfection lesion in a majority of cases proves to be pathologically further advanced 
than is frequently thought. Any sharply eircumseribed shadow of moderate or little 
density, if it is proved to be tuberculous, can be assumed to be a caseous focus. As suei, 
it is a potential cavity or, in fact, it is a cavity' which as yet has not found communication 
with the bronchial system or where that communication is temporarily blocked. These 
early reinfection caseous tuberculomas remain the residual problem in tuberculosis, 
though as time goes by' most or all of the involvement emanating from them through 1 1 
years may heal satisfactorily. It is this residual tuberculoma and potential cavity w u 
poses the essential problem. It is justified to make it one of the aims of surgical atten i 
as the authors have done, but I agree with Dr. Head that it should not be necessary 
excise all these lesions. Enough circumferential fibrosis can occur to render them c 
cally innocuous. If the central caseation is small enough, calcification may eventually occur 
to result in pathologic healing. 


This discussion involves the question of what we should call active tuberculosis. 
Active tuberculosis is generally conceived as an involvement which is undergoing changes 
in either direction. This would imply' that lesions w'hieh fail to do so over a period of 
time should be called arrested. I believe this is a fallacy' and dangerous; any of these 
so-called arrested lesions which contain caseous material, the breeding place of organisms, 
is so highly potentially active that to term it as arrested and to send the patient back into 
active life with that classification is likely to lead to misunderstandings about the further 
possibilities of the course of the disease. Lesions, therefore, which assumedly are caseous 
tuberculomas, should be classified as “potentially- active.” Ou the other hand, the sound 
caution, which is always indicated in judging tuberculosis as healed, has induced the au¬ 
thors of the newly republished Diagnostic Standards and Classification of Tuberculosis to 
omit the terms “healed” or “cured” entirely. According to this classification, there¬ 
fore the disease is not curable. I should like to go on record as objecting strenuously t° 
that concept, which I believe to have originated largely' from the very region from which 
the authors of this paper hail. Wo must steer clear of the dangers of overclassification, and 
provide leeway- for a variety of interpretations based on the merits of each individual 
case Let us avoid standardization in all aspects of medicine. One of the discussors of 



RYAN ET AL.: 


339 


SIMPLE EXCISION 4 FOR PULMONARY TUBERCULOSIS 

the first paper this morning demanded standardization of surgical technique in tuberculosis. 

It was one of the most horrible words I ever heard at a medical meeting. Once we reac t 
the point where we want standardized concepts and technique, we will have reacted tie 
end of progress. 

DR. FRANK B. BERRY, New York.—I think anyone who lias followed this work of 
Dr. Medlar, Dr. Welles and Dr. Ryan carefully, and who has seen their results and talked 
with them, cannot but be convinced of its soundness and correctness. The lesions you saw 
on the films and later the sections as showu you by Dr. Ryan, were the residua. The\ 
were demonstrable residua of caseous foci, and we all know that caseous foci break down 
and are a danger; they liquefy and discharge through a bronchus as Dr. Bloch has just 
told you. The physician whose small apical lesion you saw has come under discussion be 
fore, at meetings which I have attended. But I am sure that if it were your lesion and \ou 

knew it had not changed for more than a year, and you were walking around with a 

caseous focus, I am sure vou would feel better without it than still carrying it with you. 

DR. WARRIXER WOODRUFF, Saranac Lake, X. Y.—I am on my feet because I 
have been following this work eloselv and, to my mind, this is one of the most important 
papers dealing with tuberculosis to which I have had the privilege of listening in this 

Association. I think it represents a fundamental change in concept. Many of the papers 

we have presented and listened to have been primarily papers on technique. There is still 
a place for that. Obviously, technique is a very important part of this work. When the 
authors can present twenty-five consecutive cases of excisional surgery in pulmonary tuber¬ 
culosis, with no mortality and this low morbidity, that is excellent technique; but I think 
far more important than that is the change in thinking. In the past our goal has been 
to arrest the disease and enable the patient to live with it. Dr. Pannier, in his discussion 
this morning, told of the number of late thoracoplasty deaths from tuberculosis. Any of 
you in sanatorium work know that, in any series of admissions in any sanatorium, a con¬ 
siderable number are repeaters. The young doctor whom they were discussing this morn¬ 
ing—I do not know his identity—is an example, but we have all seen patients who, at one 
time in the course of their disease, have had a lesion no larger than his. Many permanently 
arrest their disease, but others we have watched break a second, a third, or a fourth time. 

If it is possible to excise the tuberculosis (I realize you cannot get rid of all the 
bacilli) allowing the body defenses to take over from that point; if, over a period of years 
>t can be shown that the relapse rate is far less than by our present method of treatment; 
then I think this is going to be a very valuable contribution. When this work was started, 
I was just as skeptical as Dr. Welles about what could be accomplished. We have listened 
to Dr. Medlar, we have seen the sections, we have seen the results; and I think most of us 
who have been following it for some time can be classified as converts. It remains to be 
seen whether subsequent events will justify our optimism. 

There is just one other thing I should like to point out—and I think most of us have 
been struck by it—namely, the conservation of pulmonary function in Dr. Ryan’s cases. 
One of those lie presented had a preoperative maximum minute ventilation of 190 liters 
a nd, after multiple resections on both sides, this patient still had 172 liters. That is ex¬ 
tremely high. He presented several others with similar findings, but not as high as this one. 

These findings are in contrast to the loss of function following thoracoplasty, particu- 
a - bilateral thoracoplasty when loss is likely to be extreme. Even in resection I am sure 
"e have all sacrificed" too much functioning lung tissue. Several years ago I performed a 
pneumonectomy for tuberculosis, and in retrospect I am sure that was too much, and even 
a o tectomy would have been too much. It is entirely possible that a segmental, or even 
a subsegmental or wedge, would have been sufficient; yet I have seen this same mistake 
ran e elsewhere. I am sure many of us in the past have erred by sacrificing far more lung 
t an necessary, both by collapse and by excision. 

the > IU 1 summar Y, this work holds great promise, and if the late results are comparable to 

e early results, it may revolutionize our thinking on the treatment of tuberculosis. 
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DR. EDWARD J. O’BRIEN, Detroit.—I am very much impressed with this paper 
and, as a matter of fact, I am somewhat of a convert myself since listening to it. What 
impressed me was the fact that antibiotics and collapse have been used for a considerable 
period before resection. The tendency, in many clinics, is to resect every lesion as soon 
as it is seen, although a lot of them, we know, do get well and stay well with antibiotics 
and collapse; but if, after a course of treatment, lesions are standing still or getting worse, 
I think they should be resected. So-called repeaters should also be resected. Ono of 017 
greatest hopes is that I may live ten years so that I may see some of this chaos cleared up. 
Right now it is difficult to get a patient out of a hospital or sanatorium without resection 
of some sort. The medical men have become very bloodthirsty. You have to be quick on 
your feet to get. a patient discharged with his lungs intact. We, and others, have had a 
large number of patients get well in the past with only collapse measures, and I am sure 
will again in the future, but there is such a wide divergence of opinion at present that the 
situation is chaotic. Opinions vary from resecting every lesion as soon as it is seen, to 
collapsing a whole lung, and adding paraffin and other packs. If a small caseous center 
is always going to be such a menaee, it is difficult for me to understand how an extensiu. 
lesion, that has been collapsed by thoracoplasty, etc., can become healed so frequentl}, 
and the patient remain well. We shall have to find a middle ground somewhere, and 
think we shall. Medlar’s contribution is one of the finest I have heard before this Asso 
ciation, and I think we should take it very seriously. However, I do not believe we sm 
become as radical as many of the medical men are at the present time, and take out men 
lesion as soon as we see it. 

DR. LEO ELOESSER, San Francisco.—May I ask Dr. Ryan whether his patients, at 
the end of these resections, turned tuberculin-negative? 

DR. RYAN (Closing).—I would like to thank all the discussors. In answer to Dr. 
Eloesser’s question, we have not been testing these patients, but we are certainl} goin B 
to do so, especially those with minimal lesions; we are going to make tuberculin tests on 
them in the near future. ... 

With regard to the relapse rate, in minimal tuberculosis, our experience is much j 
ferent from that of Dr. Head. Dr. Roger Mitchell recently studied all the patients 1 
charged from Trudeau Sanatorium in the past seventeen years with minimal tubercu osi- 
More than 30 per cent of those patients have relapsed. 



A STUDY TO DETERMINE THE EFFECT OF PREVENTION OF OYER- 
DISTENTION OF THE REMAINING LUNG TISSUE ON THE 
ELEVATED RIGHT VENTRICULAR PRESSURES, 
FOLLOWING THE RESECTION OF LUNG 
TISSUE IN DOGS 

Bernard C. Charbox. M.D., and William E. Adams, M.D. 

Chicago, III. 


M ANY investigators have worked on the problems of the lung circulation. 

Tigerstedt 1 gives in his hook concerning the physiology of the circulation 
an extensive report of the many experiments which have been performed since 
about a century ago. It is generally accepted that the lung contains more blood 
during inspiration than during expiration, and least when it is overinflated or 
compressed. The blood flow is the best during inspiration, since the width of 
the pulmonary capillaries is then larger than during expiration. 

Wasson 2 gives a brief review of the more recent literature about this 
subject, and it is still agreed that the blood flow through the expanded lung is 
better than through the collapsed one. 

Bjork and Salen 3 showed in a study that the blood flow through an 
atelectatic area of the lung is continuously decreasing during the first month, 
until practically no blood is passing through the nonventilation part of the 
lungs. At the same time there is no decrease in size of the main branches of 
the corresponding artery. Therefore, the blood flow is thought to he shut oft' 
ui the capillary bed, which is gradually closing down. 

Removal of lung tissue reduces the size of the pulmonary vascular bed. 
The right heart, therefore, has to work against a higher resistance. As a re¬ 
sult of this there will be a rise in the pressure in the pulmonary artery and the 
right ventricle. The more reduction of lung tissue, the higher the resistance to 
the blood flow in the pulmonary vascular bed will be, and the greater the strain 
on the right heart. All this has been experimentally proved (among others by 
Carlson and associates 4 ). 


The resistance in the pulmonary circulation depends on: (1) the number 
°t vessels, and (2) the diameter of the vessels. If marked overdistention of 
lung tissue would reduce the diameter of the pulmonary vessels, then it would 
cause an increased resistance in the pulmonary circulation and impose a 
greater strain on the right heart. Prevention of marked overdistention then 
s ould he considered when lung tissue is to be removed. 

It was thought that marked overdistention of lung tissue would stretch 
ie capillaries and thus narrow them, so increasing the resistance and the 
— Ur en 011 the right ventricle. Prevention of overdistention therefore might 
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keep the vessels in the more normal shape and might cause less rise in resist¬ 
ance in the pulmonary vascular bed and less strain on the right ventricle. 

Following pneumonectomy right ventricular pressures are increased. If 
overdistention of the remaining lung produces a further increase in right ven¬ 
tricular pressures, one might conclude that there is more resistance and that 
the width of the pulmonary vascular bed is smaller. 

After these preliminary thoughts the following experiment was per¬ 
formed. 


Table I. Right Ventricular Pressures in Mm. Hg Two to Three Months 
After Right Pneumonectomy 




LEFT LUNG 

OVERDISTENDED 

LEFT LUNG NOT 

OVERDISTENDED _ 


1 RIGHT VENTRICULAR 

1 

RIGHT VENTRICULAR 


PRESSURE 


pressure 

DOG NO. 

(mm. hg) 

DOG NO. [ 

(MM. HG)_ 

36 

43/2 

821 

49/5 

379 

48/4 

795 

38/6 

391 

48/8 

815 

39/6 

436 

48/4 

602 

30/1 

437 

53/11 

612 

46/3 

486 

63/8 

362 

31/4 



388 

25/1 



534 

22/2 



64 

42/4, 



966 

38/3 __ 

Average pressure 

50/6 

Average pressure 

36/4 __ 


TECHNIQUE 

Ten healthy mongrel dogs of both sexes, with an average weight of 12 kg., were used. 
A right pneumonectomy was performed with the dissection technique. To prevent overdisten 
tion of the remaining lung, a plastic sponge,* as used by Grindlay, 5 was placed in the right 
thoracic cavity. Following operation the right ventricular pressure was measured at intervals, 
and the position of the mediastinum was cheeked by fluoroscopy. The pressures obtained were 
compared with those from an earlier experiment in which right pneumonectomies were per¬ 
formed on dogs, the remaining lung becoming overdistended .> The results may be seen in 
Table I. It can be seen that the right ventricular pressures in all dogs where overdistention is 
revented (except 821 and 612) are lower than in the ones with overdistention, the average 
systolic right ventricular pressure being lower by 28 per cent (50/6 and 36/1 mm. Ilg). 

“ . ,,j- va | 0n " plastic sponge derived from formalinized polyvinyl alcohol, was obtained 

from Ivano Inc., Chicago, Ill. 




/'T/w. //g. 
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After these results were obtained, it was thought that some of these dogs would be able 
to tolerate a further reduction of lung tissue, especially since some of the dogs in the group 
with orerdistention survived with only the left upper lobe remaining. 

Four months after a right pneumonectomy all ten dogs were subjected to a left lower 
lobectomy. Intrapleural pressures were adjusted to 0 to -34 cm. water pressure, and no 
prothesis was used to prevent overdistention during this stage. Right ventricular pressures 
nerc studied during this procedure. 



Pneumon^tV^^ 1 !^ ventr »cular pressures during removal of left lower lobe in previously 
^ S s. T There were fifteen dogs in the overdistended group; five survived 
fe ‘Khteen honlf e xfe ys ;u l n * tk ? - not overdistended group there were ten dogs; all died within 
after that in th,s srcmP the systolic right ventricular pressures are much higher 

ugauon of the artery as compared to that of the overdistended group. 


RESULTS 

At this second stage it was found that at the time of ligation of the pul- 
monary artery branch to the left lower lobe an immediate increase in the 
light ventricular pressure occurred that was much higher than in the dogs of 
-’roup I where overdistention was present, as can be seen in Fi« i = an( -i 
fables III and iy. 
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able II. ^ Removal of All Lung Tissue Except Left Upper Lobe in Stages With 
Over distention of Remaining Lung Tissue in Thirteen Dogs. Periods of 
Survival and Causes of Death 


dog NO. 
4~ 
36 
379 
394 
436 


437 

486 

593 

256 

26 


104 

999 

909 


SURVIVAL t ime 
2 hours 

Longer than one year 

2 hours 
16 hours 

1 hour 

3 days 

2 weeks 
18 hours 
6 hours 

1 hour 

2 hours 
5 weeks 
14 days 


_ CAUSE OF DEATH _ 

Cardiorespiratory failure 
Sacrificed 

Cardiorespiratory failure 
Cardiorespiratory failure 
Embolus, caused by blood transfusion 
through cardiac catheter 
Bronchopneumonia 
Sacrificed (was in excellent condition) 
Cardiorespiratory failure 
Cardiorespiratory failure 
Hematoma right heart, caused by cardiac 
catheter 

Cardiorespiratory failure 
Bronchopneumonia 

Spontaneous pneumothorax_ 


Table III. Right Ventricular Pressures in Mm. Hg. Left Lower Lobectomv in Rocs 
Having Previous Right Pneumonectomy. Overdistextiox of Remaining 

Left Upper Lobe 


DOG 

NO. 

DOG 

AWAKE 

dog 

ASLEEP 

ON 

ANES. 

MA¬ 

CHINE 

CHEST 

OPEN - 

ARTERY 

ISO¬ 

LATED 

ARTERY 

TIED 

AFTER 

LOBEC. 

CHEST 

CLOSED 

axes. 

stopped 

living 
or dead 

4 

- 

40/1 

43/6 

44/5 


52/12 

58/18 

54/8 

55/8 

D 

36 

43/2 

45/1-2 

50/-2 

42/4 

51/3 

80/9 

56/9 

80/2 

80/0 

L 

379 

48/4 

41/5 

44/6 

46/12 

48/12 

56/15 

52/6 

55/6 

60/9 

1) 

394 

48/8 

~ 

48/4 

42/5 

48/8 

76/15 

86/18 

73/10 

74/12 

I) 

436 

48/4 

34/17 

40/6 

34/12 

41/12 

54/16 

90/11 

70/16 

63/S 

I) 

437 

53/H 

58/10 

52/5 

38/10 

36/11 

42/14 

72/11 

63/8 

64/8 

D 

486 

63/8 

59/7 

53/6 

43/15 

46/8 

60/9 

63/8 

68/6 

63/8 

L 

593 


42/2 

41/5 

45/6 

42/5 

53/S 

55/8 

52/9 

53/8 

D 

Av. 

50/6 

Emm 





67/11 

64/8 

64/8 

__ - 


Table IV. Right Ventricular Pressures in Mm. IIg. Left Lower Lobectomy in Dogs 
Having Previous Right Pneumonectomy. Partial Prevention of Overdistention 
of Remaining Left Upper Lobe 


DOG 

NO. 

DOG 

AWAKE 

DOG 

ASLEEP 

ON ANES. 

MACHINE 

CHEST 

OPEN 

ARTERY 

ISOLATED 

ARTERY 

TIED 

AFTER 

LOBEC. 

CHEST 

CLOSED 

ANES. 

STOPPED^ 

821 

48/4 

34/17 

42/6 

38/8 

48/12 

74/16 

90/11 

9-2/16 

89/10 

795 

42/5 

45/13 

45/9 

50/14 

56/10 

78/16 

100/15 

95/15 

92/13 

815 

50/7 

45/5 

52/6 

57/9 

56/9 

77/11 

95/12 

90/13 

90/11 

966 

39/3 

30/2 

30/2 

30/2 

30/2 

44/6 

67/9 

67/9 

67/9 

602 

36/7 

36/7 

. 36/5 

35/6 

35/6 

55/9 

68/6 

72/4 

73/1 

012 

78/27 

78/27 

74/44 

60/45 

6S/42 

120/50 

135/55 

145/55 

14l/o ! 

362 

40/15 

40/15 

50/15 

50/15 

45/15 

80/15 

62/10 

75/15 

76/15 

388 

35/0 

35/0 

42/10 

50/20 

50/20 

70/25 

130/25 

100/25 

100 /2a 

534 

35/3 

35/3 

40/5 

45/10 

45/10 

60/15 

85/10 

85/15 

85/1 a 

64 

19/—1 

50/5 

43/7 

51/3 

150/5 

100/5 

106/10 

96/2 

95/2 

Av. 

42/7 

43/9 

45/11 

47/13 

48/13 

76/17 

94/15 

92/17 

91/10 


All dogs survived the operation and were placed in an oxygen box. Im¬ 
mediately following operation they appeared to be in fairly good condition. 
All of them, however, developed pulmonary edema of which they died within 
eighteen hours after surgery. 
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At post-mortem examination it was found that pulmonary edema was 
present in all, and acute dilatation of the right heart in some dogs. It was 
also found that the plastic sponge was reduced in size and was covered with 
fibrous tissue. It was very firmly adherent to the surrounding tissues, espe¬ 
cially the pericardium, and was as hard as a stone. No infections were found. 


DISCUSSION AND CONCLUSIONS 

It is generally accepted that the resistance in the pulmonary circulation 
is less when the lung is normally extended as it is during inspiration. This 
does not necessarily mean that this is true for a markedly ovei’distended 
lung, as is the ease after a pneumonectomy in a dog. The fact that the right 
ventricular pressure is lower where overdistention was prevented makes us 
believe that overdistention above a certain degree causes higher resistance and 
imposes a greater strain on the right ventricle. 



overdLtfnt7™ R J^ n »i? eno ^ a — of i"° d °s s following right pneumonectomy: A, with subsequent 
present o-^rdi^Llb e remaining lung. B, right pleural cavity filled with plastic sponge to 
lung. °'erdistention. Note less shift of mediastinum, with less overdistention of remaining 


„ ^Iter this theory one would expect more surviving annuals in the group 
°t dogs where overdistention was prevented than in the overdistended group 
where 8a per cent lung tissue was removed and where there were four of 
nrteen animals surviving for longer than two weeks (Table II). The ex¬ 
pectation was wrong, as all dogs died. The fact that there was no over- 
ntion hi lhLs ^ 0U P Probably is just the cause of death, the pulmonarv 
scmar bed not having had a chance to overdistend graduallv, as probablv 
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is the case where overdistention is not prevented. (The right ventricular 
pressure came down after several weeks in pneumonectomized dogs where 
overdistention was not prevented.' 4 ) 

If, then, after a pneumonectomy- the pulmonary vascular bed is again 
suddenly reduced by more than 50 per cent, the remaining lung tissue (left 
upper lobe in this experiment) does not have enough vessel capacity to trans¬ 
port all the blood, while in the overdistended left liuig the vessels have had 
more chance to increase gradually in size over a longer period of time. 

We believe that 50 per cent reduction of lung tissue and prevention of 
overdistention of the remaining 50 per cent will impose less strain on the right 
heart, but when further reduction of lung tissue is anticipated, overdistention 
might be favorable to give the remaining lung tissue and pulmonary vascular 
bed a chance to increase in size over a longer period of time, so that at the 
time of the next operation the remaining very small amount' of lung tissue is 
able to handle the total blood flow. 

Collapse of a lung by pneumothorax, prior to surgery, to be resected 
should enable the patient to become adjusted to the use of one lung. The bene¬ 
ficial effects of a pneumothorax given before a pneumonectomy in patients 
might partially be explained by the results of this study. 

The plastic material used in this experiment is not a satisfactory type of 
material to use as a prothesis in the chest, since it causes too many adhesions 
and is too adherent to the pericardium, thus perhaps interfering with the 
heart action. On the basis of these experiments, it would seem to be definitely 
undesirable for use in patients. 

Since dogs have an unstable mediastinum, a pneumonectomy will cause 
marked overdistention of the remaining lung. In patients, however, a moie 
or less stable mediastinum usually prevents too much overdistention. 

Bilateral lobectomy, however, might very well cause more rise in right 
ventricular pressure because of overdistention of the remaining lobes. Preven 
tion of overdistention here might be of some help in hazardous cases. It is, how¬ 
ever, well known that most young patients tolerate a bilateral lobectomy vel - 
well. 

Rasmussen and associates stated in 1941 after an experimental stud} ■ 
“from the above findings it would appear that temporary paralysis of the 
diaphragm is a justifiable procedure in the human being. In bilateral opeia- 
tions it seems advisable that sufficient time elapse between stages for re-establish¬ 
ment of the diaphragmatic function and improvement of the patient’s geneia 
health.” To this might be added: “and adjustment of the pulmonary vasculai 
bed.” 

SUMMARY 

1. Approximately 85 per cent of lung tissue was removed in stages »i 
ten dogs, while overdistention of the remaining left upper lobe was partially 
prevented by inserting a plastic sponge in the thoracic cavity. The right ven¬ 
tricular pressures were studied. 
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is the case where overdistention is not prevented. (The right ventricular 
pressure came down after several weeks in pneumonectomized dogs where 


overdistention was not prevented. 1 ) 


If, then, after a pneumonectomy- the pulmonary vascular bed is again 
suddenly reduced by more than 50 per cent, the remaining lung tissue (left 
upper lobe in this experiment) does not have enough vessel capacity to trans¬ 
port all the blood, while in the overdistended left lung the vessels have had 
more chance to increase gradually in size over a longer period of time. 

We believe that 50 per cent reduction of lung tissue and prevention of 
overdistention of the remaining 50 per cent will impose less strain on the right 
heart, but when further reduction of lung tissue is anticipated, overdistention 
might be favorable to give the remaining lung tissue and pulmonary vasculai 
bed a chance to increase in size over a longer period of time, so that at the 
time of the next operation the remaining very small amount' of lung tissue is 
able to handle the total blood flow. 


Collapse of a lung by pneumothorax, prior to surgery, to be resectec 
should enable the patient to become adjusted to the use of one lung, lhe bene 
facial effects of a pneumothorax given before a pneumonectomy in patients 


might partially be explained by the results of this study. 

The plastic material used in this experiment is not a satisfactory type of 
material to use as a prothesis in the chest, since it causes too many adhesions 
and is too adherent to the pericardium, thus perhaps interfering with tie 
heart action. On the basis of these experiments, it would seem to be definite } 
undesirable for use in patients. 

Since dogs have an unstable mediastinum, a pneumonectomy will cause 
marked overdistention of the remaining lung. In patients, howevei, a nioi 
or less stable mediastinum usually prevents too much overdistention. 

Bilateral lobectomy, however, might very well cause more rise in light 
ventricular pressure because of overdistention of the remaining lobes. Pieven 
tion of overdistention here might be of some help in hazardous cases. It is, hov 
ever, well known that most young patients tolerate a bilateral lobectomy vel - 
well. 

Rasmussen and associates stated in 1941 after an experimental stud} • 
‘ ‘ from the above findings it would appear that temporary paralysis of t > e 
diaphragm is a justifiable procedure in the human being. In bilateral opeia- 
tions it seems advisable that sufficient time elapse between stages for re-establish¬ 
ment of the diaphragmatic function and improvement of the patient’s genera 
health.” To this might be added: “and adjustment of the pulmonary vasculai 

bed.” 


SUMMARY 


1 Approximately 85 per cent of lung tissue was removed in stages m 
ten do IT s while overdistention of the remaining left upper lobe was partially 
prevented by inserting a plastic sponge in the thoracic cavity. The right ven¬ 
tricular pressures were studied. 
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2. Prevention of overdistention of lung tissue in pncumonectoini/.ed dogs 
reduces the amount of elevation in the right ventricular pressure following 
that operation. 

3. Removal of all lung tissue except the left upper lobe caused death of 
all dogs, while in an experiment where overdistention was not prevented some 
dogs survived for weeks, with only the left upper lobe remaining. 

4. The plastic sponge (lvalon) used in this experiment is not a satisfac¬ 
tory material to use as a prothesis in the chest, and should not he used in 
patients, since it becomes adherent to the pericardium and might interfere 
with heart action. 
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TECHNIQUES OP ENDOCARDIAL ANASTOMOSIS FOR 
CIRCUMVENTING THE PULMONIC VALVE 

T. J. Donovan, M.D.,* C. A. IIufnagel, M.D., k and 
IT. IT. G. Eastcott, M.D.* # * 

Boston, Mass. 


T HE background and rationale for this approach to the surgical treat¬ 
ment of pulmonic stenosis and atresia have been reviewed in a previous 
publication by one of the authors. It has been pointed out that the nature 
and varying combination of defects in pulmonic stenosis and atresia make a 
direct attack on the infundibular type of stenosis less feasible than a shunting 
procedure. 1 ’ 2 The latter technique provides a good outflow tract for the right 
ventricle with the least residual derangement in cardiodynamics. In that 
previous investigation, one end of an homologous vein graft was anastomosed 
to the distal segment of the ligated left pulmonary artery after which the other 
end of the graft was everted over a polyethylene tube and inserted into the 
right ventricle (Pig. 1). These new left pulmonary arteries remained patent 
for two to three weeks, and were then thrombosed. While patent, the vein 
valves functioned to prevent regurgitation, and the shunt delivered blood 
in much the same manner as the original left pulmonary artery. It has been 
found that homologous vein grafts substituted for an excised segment of k 
pulmonary artery remain permanently patent (Pigs. 2 and 3). Thus, the tu e 
anastomosis at the cardiac end of the shunt is the vulnerable portion from 


the standpoint of thrombosis. 

Since the myocardium partially closes openings in the ventricular wa 
during systole, and because suture anastomoses to endocardium become 
obliterated, a rigid tube of some kind is necessary to hold the ventricle 
open and permit blood flow through the shunt. 1 ’ 3 This rigid tube can be 
designed with a flare approximately perpendicular to its wall to provide im¬ 
mediate hemostasis when inserted into the ventricle, thus making it unneces¬ 
sary to interrupt the circulation in completing the shunt. Lining the ngi 
tube with a vein facilitates intima to endocardial healing and presents smooth 
endothelium to the bloodstream. Since the initial venous-lined polyethylene 
tubes failed to remain permanently patent, various types of rigid tubes were 
substituted. It was hoped that a less reactive material might better the 
anastomosis in much the same manner that Blakemore, by using the relatively 
nonreactive vitallium, improved on Nitze’s ivory rings and the magnesium 
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tubes of Payr. , -“ The types of tubes used were polyethylene. Incite, teflon, and 
Kel F plastics, and homologous tracheal grafts prepared in three different 
ways. Only the series of venous-lined tracheal and polyethylene tubes will 
be described in this report. The other plasties used with and without venous 
lining will be alluded to briefly but described in detail in another publica¬ 
tion. 



^ig- 1.—Cross section of venous-lined tube in the right ventricle. Left pulmonary artery 
Jf' “gated just beyond the bifurcation of main pulmonary where right pulmonary artery courses 
•jhder aortic arch. Distal left pulmonary* artery is sutured to the homologous vein graft as 
depicted. Insert A shows the plastic tube without vein graft 


MATERIALS -AND METHODS 


Preparation of the Vein Grafts .—The grafts were abdominal cavae excised from the 
liver to below the renal veins. The donor dog was less than two hours post mortem, and 
about 3 kg. heavier than the recipient, of similar nutritional status, in order to match the 
gvait and the left pulmonary artery at the suture anastomosis and to avoid stretching or 
tunneling ? * at the tube anastomosis. The veins were taken with aseptic precautions and 
stored for periods up to seventeen days in solution I at 0° to 10° C.* 

Preparation of the Tracheal Tubes .—The tracheas of recently sacrificed dogs were ex¬ 
cised 1 cm. above the Carina and a few millimeters below it on the right- and left-main stem 
bronclii. The medial walls of the bronchi were excised, leaving a semiflexible dare at one end 


Phenol^ria 1 i°H- 1 consists of S3 per cent balanced salt solution, with bicarbonate buffer and 
tor bak2f.JP.'5? tor i homologous serum 10 per cent and antibiotics 5 per cent The formula 
tion of , 5olutl0n . which is similar to Tyrode’s solution, can be found in the publica- 

Per cubio f™associates.- The antibiotics in the above solution were penicillin 400 units 
cubic centim^flT* '~ * ,i !tr eP t ? m - vc,n - mg- per cubic centimeter and sulfadiazine 0.12 mg. per 
in Solution L tn- , l S£ adu?zme "i 35 added to insure the sterility of the tracheal grafts stored 
superfluous. Fo ‘ tbe Tem sm-its taken with aseptic technique, the antibiotics were probably 
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o the tube of ti achea. I he donor was selected about 6 kg. smaller than the recipient dog 
to match the tiachea with the donor vein (chosen as described previously) and to provide 
an ample stoma in the heart wall. The tracheal grafts were prepared in three ways. The 
fiist group was immersed in a solution of 90 c.c. isotonic saline and 10 c.c. of 40 per cent 
neutral formalin. After throe to twelve hours they were stored in the same solution diluted 
ten times. Twenty-four hours before operation they were washed repeatedly in sterile dis¬ 
tilled water to remove all but the protein-bound formaldehyde. The secoird group of trachcas 
was mechanically cleaned with plrisoderm and G-ll and after thorough rinsing immersed 
in a solution of 80 c.c. of balanced salt solution buffered with 1.4 per cent bicarbonate and 
20 c.c. of 1:1000 zephirarr and stored in a refrigerator at 0° to 10° C. The third group was 
mechanically cleaned with the plrisoderm and G-ll mixture and stored at 0° to 10° C. in Solu¬ 
tion I, the solution used to preserve the vein grafts. 

Portions of the tracheal and venous grafts were taken for bacteriologic study, while 
other specimens were incubated in tissue, culture medium to determine preoperative viability. 
Each bacteriological specimen was thoroughly washed in sterile distilled water to remove 
antiseptics and antibiotics. 



Eig; 2.—-A segment of homologous vena cava substituted for an excised segment of left 
a , I : tei 7- Proximal suture line is at one centimeter on the ruler; distal anastomosis 
at three centimeters. Note smooth endothelial lining - of the graft and suture lines at twenty 
seven days postoperatively. 


Preparation of the Polyethylene Tubes .—Stock tubing of 11 mm. inside diameter and 
12.5 outside diameter was cut into lengths of 14 mm. and one end flared with a hot die. A 
few millimeters from the opposite end a groove was made around the circumference. Tl ,e 
effective length of the tube, from this end to the flare was about 10 uim. or 12 to 14 mm. in¬ 
cluding the flare. The tubes were sterilized in 1:1000 aqueous zephiran for eighteen hours prior 
to operation. 

Operative technique. The animals were premedicated with 0.6 mg. of atropine sulfate 
and anesthesia induced with sodium pentothal intravenously. Two polyethylene tubes "ere 
inserted through a size 14 needle into foreleg veins and used for subsequent injections of 
blood, dextrose, or cardiac drugs.® A rubber tube which fitted a little loosely was inserted 
into the trachea and connected to an Erlauger pump. The latter supplied compressed air and 
ether \\ ith valves to modify rate and depth of respiration, the relative lengths of inspiration 
and expiration, and the concentration of ether in the mixture. 

The dog was placed midway between the supine and right lateral positions. The fourth 
left intercostal space was opened from the sternum to the tip of the scapula, and the fifth rib 
divided at the sternal junction and under the tip of the scapula. The left pulmonary artery, 
freed from the liilus of the lung to the bifurcation, was clamped near the hilus and ligated 
close to the bifurcation. The artery was then divided close to the ligature and culf reinforced 
with a suture ligature. The distal segment was irrigated, stripped of adventitia, and the end 
cut on the bias when the vein graft appeared slightly- large. The graft which had been fixed to 
the tracheal or plastic tube was anastomosed with a continuous everting mattress suture of 
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00000 arterial silk or ehromie catgut to the distal end of the divided left pulmonary artery. 
Retrograde bleeding and saline irrigations were used to test the anastomosis and vein graft for 
leaks (.Fig. 1). 

The pericardium was then opened along the interventricular septum with a short per¬ 
pendicular extension to the tip of the right auricle, i lie right edge of the ptrii ardium was 
marsupiulized with several pericardial sutures to rotate the right ventricle to the left of the 
partially overlying sternum. Four epieardial sutures of 00 cotton were then spaced on the 
sides of a rectangle running from the pulmonary conus 2 cm. down the ventricular wall and 
about 1 cm. from the septum. Ktieli of the four sutures was spaced equally through the Hare 
of the tube or trachea in the appropriate position to provide hemostasis and prevent twisting 
of the vein graft. If the tlare or tube was larger than usual a fifth epieardial suture was 
placed parallel to and just below the pulmonic valve perpendicular to the planes of the other 
stitches. This suture was removed if the other four provided complete hemostasis. 



ma , 3 -—Another control graft interposed in left pulmonary artery. Graft was purposely 

month c reaundant in len Sth but despite angulation was fully patent at autopsy fourteen 
nmv?P°st opera tl vel y. Angiocardiogram is 9.5 months postoperatively. Arrow points to 
mai anastomosis partially obscured by tracheal shadow. 


la the first half of the series a Bard-Parker blade was used to make the opening into the 
ventricle. The only two deaths during operation in the series were due to excessively large 
incisions in the heart. New blades of various widths were therefore designed with a cutting 
edge on the end of the blade almost perpendicular to the handle and pointed with a central 
angle of about 115 degrees.* By inserting the blade of proper width perpendicular to the 
leart wall, an incision could be made 2 to 3 mm. larger than the tube diameter which would 
permit the introduction of the tube into the ventricle without resistance and with complete 
hemostasis following insertion. With proper performance of the heart anastomosis, blood 
oss, and trauma were so slight that no grossly perceptible change in contractility or blood 
pressure occurred If the blood loss was more than 50 c.c. it was quantitatively replaced 
t'rough tlle P 0 'ythene tubes as rapidly as the heart would accept it without dilatation or 
jmmish ed contractility. If contractility decreased seriously, 10 c.c. of 50 per cent glucose 


lor ^“p^B^ver. 0 ™ Beaver Mfe. Co., Waltham, Mass.. 
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was given intravenously followed by 0.5 c.c. of a solution of 1 c.e. of 1:1000 adrenalin in 10 
c.c. of 1 per cent procaine. If this dose given intravenously did not improve contractility, 
another 0.5 c.e. of the mixture was given into the right auricle. If the adrenalin procaine 
solution had to be given again later, another injection of 50 per cent glucose was made and 
maximal aeration of the lungs obtained to prevent ventricular fibrillation. If ventricular 


Table I. Series op Operations in Summary Form 


DOG 

NO. 

TUBE IN 
HEART 

ANASTOMOSIS 

LENGTH OP 

SURVIVAL 

eAUSE OP 

DEATH 

i 

Formalin 

Trachea 

7.3 months 

Sacrificed 

2 

Formalin 

Trachea 

4.5 months 

Sacrificed 

3 

Formalin 

Trachea 

4.5 months 

Sacrificed 

4 

Zephiran ) 
Trachea 

6.9 months 

Sacrificed 

5 

Zephiran 

Trachea 

Operative 

death 

Hemorrhage 

6 

Zephiran 

Trachea 

Operative 

death 

Hemorrhage 

7 

Zephiran 

Trachea 

8 days 

Pneumonia 

s 

Zephiran 

Trachea 

3.5 months 

Sacrificed 

9 

Zephiran 

Trachea 

6 days 

Pneumonia 

10 

Solution I 
Trachea 

3.5 months 

Sacrificed 

11 

Solution I 
Trachea 

5.6 months 

Sacrificed 

12 

Solution I 
Trachea 

2.6 months 

Sacrificed 

13 

Solution I 
Trachea 

2.6 months 

Sacrificed 

14 

Polyethylene 

27 days ! 

Sacrificed 

15 

Polyethylene 

1.3 months Sacrificed 



j CONDITION OF SHUNT 



POSTOPERATIVE 


CONDITION 

AT OP- 

ROENTGENO- 

AT 

OP DOG 

ERATION 

GRAMS 

autopsy 

Excellent 

2+ 


0 

Excellent 

2+ 

- 

0 

Excellent 

3+ 

68 days—0 

0 

Excellent 

4+ 

36 days—0 

0 

- 

2+ 

: 

0 

Excellent 

3+ 

14 days—0-: 

0 

- 

3+ 

- 

4+ 

Excellent 

4+ 

22 days—4+ 

43 days—0 

0 

0 

Excellent 

4+ 

29 days—2+ 

37 days—0 

0 

Excellent 

3+ 

28 days—4+ 

34 days—4+ 




43 days—3+ 



' 

59 days—0 

0 

Excellent 

3+ 

28 days—0 

Distemper 

4+ 

- 

2+ 

0 

Excellent 

4+ 

21 days—0 


Under "condition of shunt" 4+ denotes maximal filling-, 3+ indicates good filling o. ^ 
fully patent shunt, 2+ represents definite obstruction to filling, 1+ denotes marked obsirucu 
and 0, complete occlusion of shunt. 


Table II. Results op Treadmill Studies on Second Trial op Dogs Stopped Well Short 

of Maximum Effort 


DOG 

NO. 

POSTOPER¬ 

ATIVE 

INTERVAL 

TYPE OF 

CARDIAC 

TUBE 

DEGREES OF 

INCLINATION 

OF 

TREADMILL 

SPEED 
(M.P.H.) OF 
TREADMILL 

TIME ON 

TREADMILL 

IN MINUTES 

CONDITION 
IMMEDIATELY AFTER 
RUN 

i 

3.8 months 

Formalin 

Trachea 

10 

4.2 

17 

Pulse 128. Frisky 

8 

2.5 months 

Zephiran 

Trachea 

10 

4.2 

32 

Pulse 136. Strong 

11 

2.0 months 

Solution I 
Trachea 

10 

4.3 

19 

Running easily 

15 

24 days 

Polyethylene 

10 

4.3 

20 Running well but 

pulse 160 and pant- 


Hoc number 15 was too early 

ab^dant S coUaferal circulation through the 
iaustion. 


ing rapidly 


postoperatively to have developed full strength 
bronchial arteries, he ran well without signs of 
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fibrillation supervened, manual massage was instituted until the heart could be shocked into 
asystole with a 1 to 1.5 ampere current and the above measures instituted to restore con¬ 
tractility. 3 

The chest was closed in layers with careful attention to the expansion of the left lung 
and the removal of intrapleural air through catheter suction during closure. If the breath 
sounds were diminished following closure, the pleural space was aspirated with a needle, and 
if they were associated with rides and rhonchi the trachea was aspirated and, if necessary, 
bronchoscopy performed. Crystieillin was given for a few days postoperative!.'. 

Postoperative Observations .—Angiocardiography was performed at inter¬ 
vals postoperativelv to determine patency, and function of the graft and tread¬ 
mill studies were used to evaluate the general cardiopulmonary function. The 
animals were sacrificed under nembutal and histologic study made of the 
significant gross changes at autopsy. 



, 4.—Dog No. 12 on the thirty-fourth postoperative day. A similar film was obtained 

third day. Air in the trachea partially obscures the graft (arrow), but patency 
or me shunt and filling of the left pulmonary arterial tree are evident. 

RESULTS 

Toleration of the Operative Procedure .—Table I summarizes the results of 
fifteen operations. The two deaths during operation occurred before the use 
of special heart knives to control the size of the heart incision. The two other 
deaths were about one week postoperatively from atelectasis and pneumonia. 
Both followed anesthesias characterized by profuse mucous secretions and 
diminished respiratory excursions during and immediately after operation. 
Preoperative atropine and, if necessary, postoperative suction or bronclioscopy 
kave eliminated this complication in forty subsequent cardiac operations. Tbe 
operative mortality in this series including the anesthetic complications would 
be 2 i per cent, while the mortality from the cardiac procedure per se would 
be 13 per cent. 

Long-term follow-ups on the surviving animals demonstrated no detect¬ 
able sign of cardiac dysfunction. Four animals (numbers 1, S, 11, and 15) 
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was given intravenously Hollowed by 0.5 c.c. of a solution of 1 c.e. of 1:1000 adrenalin is 10 
e.c. of 1 per cent procaine. If this dose given intravenously did not improve contractility, 
another 0.5 c.c. of the mixture was given into the right auricle. If the adrenalin procaine 
solution had to be given again later, another injection of 50 per cent glucose was made and 
maximal aeration of the lungs obtained to prevent ventricular fibrillation. If ventricular 


Table I. Series of Operations in Summary Form 






1 

1 CONDITION OF SHU 

DOGj 

NO. 

TUBE IN 
HEART 

ANASTOMOSIS 

LENGTH OP 
SURVIVAL 

CAUSE OP 
DEATH 

CONDITION 
OF DOG 

AT OP¬ 
ERATION 

POSTOPERATIVE 
ROENTGENO¬ 
GRAMS - 

i 

Formalin 
Trachea. 

7.3 months 

Sacrificed 

Excellent 

2+ 

**“ 

2 

Formalin 

Trachea 

4.5 months 

Sacrificed 

Excellent 

2+ 


3 

Formalin 

Trachea 

4.5 months 

Sacrificed 

Excellent 

3+ 

68 days—0 

4 

Zephiran 1 
Trachea 

6.9 months 

Sacrificed 

Excellent 

4+ 

36 days—0 

5 

Zephiran 

Trachea 

Operative 

death 

Hemorrhage 

— 

— 

“ 

6 

Zephiran 

Trachea 

Operative 

death 

Hemorrhage 


- 


7 

Zephiran 

Trachea 

8 days 

Pneumonia 

— 

2+ 

~ 

s 

Zephiran 

Trachea 

3.5 months 

Sacrificed 

Excellent 

3+ 

14 days—0./ 

9 

Zephiran 

Trachea 

6 days 

Pneumonia 

- 

3+ 

— 

10 

Solution I 
Trachea 

3.5 months 

Sacrificed 

Excellent 

4+ 

22 days—4+ 

43 days—0 

11 

Solution I 
Trachea 

5.6 months 

Sacrificed 

Excellent 

4+ 

29 days—2+ 

37 days—0 

12 

Solution I 
Trachea 

2.6 months 

Sacrificed 

Excellent 

3+ • ' 

28 days—4+ 

34 days—1+ 

43 days—3+ 

59 days—0 

13 

Solution I 
Trachea 

2.6 months 

Sacrificed 

Excellent 

3+ 

28 days—0 

14 

Polyethylene 

27 days 

Sacrificed 

Distemper 

4+ 

- 

15 

Polyethylene 

1.3 months 

Sacrificed 

Excellent 

4+ 

21 days—0 


AT 

autopsy 


0 

0 

1 + 

0 

0 

0 


2 + 

0 


Under "condition of shunt” 4+ denotes maximal filling, 3+ 
fully patent shunt, 2+ represents definite obstruction to filling-, 1+ 
and 0, complete occlusion of shunt. 

Table II. Results of Treadmill Studies on Second Trial of 

of Maximum Effort 


indicates gooa uiims . 
denotes marked obstr 

Dogs Stopped Well Short 



POSTOPER- 

TYPE OF 

DEGREES OF 
INCLINATION 

SPEED 

TIME ON 

DOG 

ATIVE 

CARDIAC 

OF 

(m.p.h.) of 

TREADMILL 

NO. 

INTERVAL 

TUBE 

TREADMILL 

TREADMILL 

IN MINUTES 


1 

3.8 months 

Formalin 

Trachea 

10 

4.2 

17 

8 

2.5 months 

Zephiran 

Trachea 

10 

4.2 

32 

11 

2.0 months 

Solution I 
Trachea 

10 

4.3 

19 

15 

24 days 

Polyethylene 

10 

4.3 

20 


condition 
immediately after 
, RON_ 

PMi^T 28 TFSky 

Pulse 136. Strong 

Running easily 

Running well t> ut 
pulse 160 and pant 
ing rapidly 


Although dog number 15 was too early 
or abundant collateral circulation through the 
exhaustion. 


postoperatively to have developed lull 
bronchial arteries, he ran well without sib 
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fibrillation supervened, manual massage was instituted until the heart could be shocked into 
asystole with a 1 to 1.5 ampere current and the above measures instituted to restore con¬ 
tractility. 5 

The chest was closed in layers with careful attention to the expansion of the left lung 
and the removal of intrapleural air through catheter suction during closure. If the breatli 
sounds were diminished following closure, the pleural space was aspirated with a needle, and 
if they were associated with rales and rhonchi the trachea was aspirated and, if neeessarj, 
bronchoscopy performed. Crvstieillin wus given for a few days postoperative!'. 

Postoperative Observations .—Angiocardiography was performed at inter¬ 
vals postoperativelv to determine patency, and function of the graft and tread¬ 
mill studies were used to evaluate the general cardiopulmonary function. The 
animals were sacrificed under nembutal and histologic study made of the 
significant gross changes at autopsy. 



on — Do & No. 12 on the thirty-fourth postoperative day. A similar film was obtained 

of day. Air in the trachea partially obscures the graft (arrow), but patency 

me snunt and filling of the left pulmonary arterial tree are evident. 

RESULTS 

Toleration of the Operative Procedure .—Table I summarizes the results of 
fifteen operations. The two deaths during operation occurred before the use 
of special heart knives to control the size of the heart incision. The two other 
deaths were about one week postoperativelv from atelectasis and pneumonia. 
Both followed anesthesias characterized by profuse mucous secretions and 
diminished respiratory excursions during and immediately after operation, 
reoperative atropine and, if necessary, postoperative suction or bronchoscopy 
a ' e eliminated this complication in forty subsequent cardiac operations. The 
operative mortality in this series including the anesthetic complications would 

e -7 per cent, while the mortality from the cardiac procedure per se would 
be 13 per cent. 

Long-term follow-ups on the surviving animals demonstrated no detect¬ 
able sign of cardiac dysfunction. Pour animals (numbers 1, 8, 11, and 15) 
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weie mn on the treadmill. The second time on the treadmill the animals ran 
at a 10-degree incline, and at 4.2 m.p.h. for periods within the range of a 
normal dog without signs of exhaustion 10 (Table II). 

Function of the Vein Grafts .—Table I shows the condition of the shunt at 
operation on various postoperative days and at autopsy. All the grafts with the 
exception of dogs 1, 2, and 7 filled well at operation, giving a pink lung and 
normal pulsations in the distal left pulmonary artery. The filling of the grafts 
in dogs 1, 2, and 7 was diminished because of tubes too short, too narrow, or only 
partially through the ventricular wall. All the grafts, however, were occluded 
at autopsy with the exception of the two animals that died on the sixth and 
twenty-seventh postoperative days. Roentgenograms taken at various post¬ 
operative intervals showed one shunt open at forty-three days postoperatively 
(Pig. 4). Although some grafts were open at three weeks, most were closed 
before the end of the fourth postoperative week. 



Photomicrograph of the suture anastomosis of dog- No. 14 on the 
in S?ti^s?? s E?M l ,? ra “ ve Note endothelioid lining of the graft and granulomatous 

o arterial silk, especially on the narrow or graft side of the anastomosis. 


twenty- 

response 


Autopsy Findings. —In all eases, except the two that died of pneumonia, 
the lungs were pink, crepitant, and expanded. The two exceptions had partially 
collapsed and consolidated left lungs which sank in water. Microscopically 
they showed pneumonia and some agonal pulmonary edema. The left lungs were 
almost always adherent to the intercostal incision, the pericardium, and the 
graft. There was no detectable difference between tiie reaction to various types 
of preserved trachea and to the pure polyethylene tubes. 13 ’ 12 

The vein grafts from dogs more than three months postoperative were 
shrunken, and the walls apposed. The graft, patent at autopsy six day's post¬ 
operatively in dog No. 9, showed the early host inflammatory reaction in the 
adventitia. The donor endothelium had disappeared and the reconstruction of 
the intima had hardly begun. This left bare areas of subendothelial connective 
tissue in contact with the blood stream. 13 This surface, on gross examination, 
looked reddish and had tiny clumps of fibrin in various areas of the graft. The 
vein graft in dog No. 4, patent at autopsy on the twenty-seventh postopera¬ 
tive day, showed no fibrin deposition macroscopieally, and a firm intimal union 
at the suture anastomosis on microscopic study. The intima became thinner 
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towards the middle ot‘ the graft, but was lined for the most part with smooth 
endothelioid cells. The round-cell inflammation of the adventitia had almost 
completely subsided without as yet much fibrous tissue reconstruction. The lack 
of fibroplasia in the adventitia and media plus the disappearance of donor 
tissue in these layers left the wall thin at this stage of healing (Pig. 5). The 
endocardial end of this shunt was typical of most of the venous-lined plastic 
tubes, as reported previously. 1 .Just inside the intraventricular portion of the 
tube a fibrous constriction of the vein graft reduced blood flow to a minimum 
and would have produced thrombosis distaliy in a few days (Figs. 6 and 7). 
Histologic sections of this area showed serosanguineous exudate between the 



seven days postoperative^ 13 ^Th?'tvniea1 D <?h r ' 3ial views ot the shunt in do- Xo 14 

has narrowed the lumen to about ?i ,r 5! LK constriction of the gTaft ii£;t in-iia ,fT £,U5_ - 

in a few days. Xote wef* luSE St&osfJ 
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adventitia of the lining vein and the inner surface of the plastic tube. In addi¬ 
tion to the marked proliferation of connective tissue, there were small areas 
of necrosis and hemorrhage scattered throughout this portion of the graft wall 
suggesting continual trauma. 

The rate at which the host destroyed the tracheal grafts varied widely 
and for the most part pari passu with the degree of reaction around the silk 
sutures. Although the grafts prepared in formalin had slightly thinner and 
more rigid walls, destruction of the fibromuscular tissue between the tracheal 
rings deformed all the grafts during the first two months postoperatively, 
causing gradual collapse and, in a few, extrusion from the ventricle. Tins 
extrusion from the ventricle did not occur with the plastic tubes patent 01 
thrombosed. The destruction and removal of the cartilaginous rings was 
notably slow and incomplete at six months or even longer. The caitilage 
cells in the lacunae were shrunken or absent from the outset. The lacunae 

closely packed and confluent as the matrix degenerated and disappeaiec. 


came 


This left large holes containing the basophilic residue of cartilage under gom,. 


phagocytosis by lymphocytes and macrophages. In other areas, 


round-cell 


l -o-«/ —- ~ */ -x-- -- - a u . 

invasion and isolation of small fragments of cartilage was followed y 
ganization of the acellular matrix by fibrous tissue. 

Bacteriologic and Tissue Culture Studies .—The tracheal tubes piepaiec 
with formalin and zephiran were, of course, sterile and nonviable. Tiaeiw 
tubes mechanically cleaned with phisoderm and G-ll soap and immeiset 01 
two or more days in Solution I were likewise free of bacterial growth. ac 
teriologic cultures of the latter group of tracheal specimens were positnejn 
the few specimens studied, if either the phisoderm and G-ll washing 01 ia 
immersion in Solution I was omitted. Veins taken aseptically and stoiec n 
Solution I were found to be sterile. 

Vigorous fibroblast proliferation could be seen in tissue cultures of one 
and two-week-old veins. Veins three weeks or more in Solution I failec o 
show growth in tissue culture. No tracheas prepared in the three ways pie 
viously described grew in tissue culture. One specimen of trachea washe m 
water and kept in Solution I for ten days showed moderate growth. 


DISCUSSION 

In the previous report it was -noted that the dogs that emerged from an¬ 
esthesia invariably tolerated the new shunt well—patent or occluded. The op¬ 
erative mortality in those initial experiments was about 50 per cent, although 
the brevity of the series and the continual change in operative technique made 
this figure an approximation. Although the technique is still changing, the 
operative mortality in this series is a definite improvement over that reported 
earlier. The anesthesias in the initial series were intravenous nembutal sup¬ 
plemented by a mechanical respirator which delivered 100 per cent oxygen but 
did not eliminate the positive pressure during the expiratory phase and per¬ 
mit adequate collapse of the lungs. In several instances, the resulting hyper- 
' and decreased ventricular filling were sufficient to cause death before 
the anastomoses were attempted. In other operations it caused excessive medi- 
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astinal and diaphragmatic motion, thus prolonging the operation as well as 
lowering the myocardial reserve. With intermittent positive pressure air or 
oxygen fully expanding and collapsing the lung at a rapid rate, the medias¬ 
tinum and diaphragm can be kept almost motionless on a light ether anes¬ 
thesia. This supports myocardial function and facilitates the anastomoses 
greatly. 

The insertion of the intracardiac tube can be done without significant 
blood loss or trauma if the opening in the heart is the proper size, i.e., 2 to 3 
mm. longer than the outside diameters of the tubes. If the knife described 
previously is sharpened regularly and inserted carefully perpendicular to, and 



Fig. 7 .—The shunt in dog Xo. 15. 1.3 months postoperative!}*. The thrombus extends 
xrom the constricted area of the graft distally to 'within one centimeter of the barely visible 
^atgut suture anastomosis. The beginning shrinkage of the graft is typical but the clot usuallv 
Propagates to and involves the silk suture anastomosis. 


completely through the heart wall, the length of the incision in the endocardium 
should be about the same as the width of the knife blade. With four or five 
epicardial sutures spaced properly with both ends through the tube flare, 
hemostasis is assured even when the heart incision is slightly large. The use 
of No. 00 cotton assures tight ligation of these epicardial sutures without 
breakage. 

Except for the two animals that died of postoperative atelectasis and 
Pneumonia and another animal with distemper, all the animals surviving the 
operative procedure were healthy and well. The treadmill studies in these 
animals corroborate the previously reported electrocardiographic, roentgeno- 
graphic, and other evidence of normal cardiac function in the presence of the 
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intracardiae tube and graft. Even without training, conditioning, and max¬ 
imal effort the animals did an amount of work incompatible with cardiac de¬ 
compensation or any marked lowering of myocardial reserve. 

The failure of these shunts to remain permanently patent is due to two 
principal factors: (1) the lack of sufficient pressure gradient on ligation of 
the left pulmonary artery, and (2) the intrinsic weakness of the venous-lined 
tube used in the heart anastomosis. It is well established that after ligation 
of one pulmonary artery, the blood flow is shunted to the opposite lung with¬ 
out significant or prolonged elevation in main pulmonary artery pressure. 11 
The development of collateral circulation through the bronchial arteries to the 
distal left pulmonary artery per se elevates the left pulmonary artery pres¬ 
sure to half of the normal value, further dissipating the pressure gradient and 
the volume flow through the shunt. 1 - 15 - 1C - 17 It has been shown that the Blake- 
more type of anastomosis is inferior to suture anastomosis in preventing 
thrombosis, especially in anastomoses with low pressure gradients. 18 ' 21 Wh en 
the venous-lined tube is placed in the ventricle, the brunt of the stretching 
force of each systolic ejection is transmitted to the fixed portion of vein graft 
near the point of eversion over the end of the tube. This area of tension 
thickens and progressively restricts flow until thrombosis occurs just beyond 
the constriction and propagates distally to the suture anastomosis. Anothei 
factor favoring constriction of the tube in this area is the collection of sero- 
sanguineous exudate in the space between the adventitia of the lining vein 
and the inner surface of the rigid tube. In the venous-lined tracheal tubes, 
the gradual distortion and destruction of the tracheal graft by host reaction 
is enough per se to occlude the heart anastomosis. 

It is possible to obviate these deleterious factors by attaching the vein 
graft to the outer end of the tube. By using various smooth and water im¬ 
pellent plastic surfaces for the intracardiae portion of the shunt, it has been 
possible to ligate the main pulmonary artery and permanently- divert the en¬ 
tire cardiac output through the shunt without clotting or untoward changes in 
the cardiac function. This work is being reported in another publication. 

SUMMARY 

A series of fifteen attempts at constructing a new left pulmonary arteij 
with venous-lined tracheal and poly-ethylene tubes resulted in eleven survivals 
which remained healthy- and well with the exception of one animal with dis¬ 
temper. There were' two operative deaths from hemorrhage and two post¬ 
operative deaths from atelectasis and pneumonia. These deaths are con¬ 
sidered preventable in the light of present knowledge and refinements of op¬ 
erative technique. Four animals ran on the treadmill at a 10-degree incline 
for distances within the range for normal animals. 

Angiocardiography- demonstrated good filling of some shunts as long as 
forty--three day-s postoperatively, but the majority- of shunts were occluded by 
the third or fourth week. The factors causing these thromboses have been 
analyzed. and other types of endocardial anastomoses devised which obviate 

these factors. 



DONOVAN' ET AL.: 


ENDOCARDIAL ANASTOMOSIS 


359 


CONCLUSIONS 

1. With attention to principles mentioned herein, a new left pulmonary 
artery may be constructed in the normal dost with a vein era ft and a 1 i "id 
intracardiac tube with a low operative mortality. 

2. The animals surviving the operation will remain healthy—with or with¬ 
out patency of the shunt. 

3. With venous-lined tubes of homologous trachea or polyethylene, the 
shunts eventually became occluded. This usually occurs during the third or 
fourth week postoperatively. 

4. The factors causing this thrombosis have been analyzed and described. 

The authors wish to express appreciation to Miss Elnore Hitchcock for assisting in the 
operative procedures. Thev are also grateful to Hr. John Hanks for his advice and help in 
the preservation of the various grafts anil in testing their viability in tissue culture. Mr. 
Rudolph Beaver has kindly supplied the heart knives. 
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FIBROSARCOMA OF THE DIAPHRAGM 
Report op a Case 

Paul D. Crimm, M.D., and Frederick L. Kiechle, M.D. 
Evansville, Ind. 

P RIMARY tumors of the diaphragm do not occur frequently. A survey of 
the literature 1 ' 35 disclosed thirty-eight fully substantiated eases of dia¬ 
phragmatic tumors, including the present ease, of which sixteen were classified 
as benign, while twenty-two were malignant (Table I). The benign tumors, 
fibromyomas and lipomas, are the most common, while fibrosarcoma is the most 
often-reported malignant tumor. 

Of the tumors described as benign, those of Kinsella 20 and those of 
Bonamy, 25 closely resemble the benign phase of the case herein described. 
Kinsella 26 reported a 2-pound fibromyoma from the anterior portion of right 
hemidiaphragm, occurring one-half above and one-half below the diaphragm, 
anc\ resembling fibromyoma of the uterus grossly. Bonamy 25 reported 1,200 
Gm. of fibromyomas arising from the right side of the diaphragm, with one 
large tumor and four smaller ones. Recovery followed the surgical treatment 
in both of these cases. Gale and Edwards 12 suggest that the tumor described 
by them as “primary endothelial sarcoma” might be benign, and reporter 
that histologic opinions obtained from several competent pathologists variec 
widely. This is not an uncommon experience, and illustrates that it is ac - 
mittedly difficult in special cases to draw a sharp line between malignant anc 
benign tumors of the diaphragm. 

The patient’s history and clinical course aids in making a diagnosis of a 
mass in the region of the diaphragm. Tumors of the diaphragm caused chest 
pain in ten of the eases, abdominal pain in one, and related pain in another 
Fullness in the lower chest precedes or accompanies dyspnea, especially upon 
exertion. Edema occurs if there is embarrassment of the heart in advancer 
cases. 

CASE REPORT 

This patient, a white man, aged 00 years, occupation farmer, experienced three attacks 
of illness in the last ten years, all somewhat similar, but differing in several details. Upon 
admission, the chief complaint was pain and fullness of the left chest, shortness of breath, and 
edema of feet and ankles. 

The first attack occurred in 1938 when he was suddenly struck by momentary stabbing 
pains recurring every few minutes, beginning in the abdomen rather deeply, but anteriorly, 
in the left anterior axillary line approximately one-half distance between the costal margin 
and iliac crest, and migrating rapidly up the left side of the chest, over the left shoulder, 
and then down the left posterior chest to reach the point of origin. This attack covered a 
one-week period. Later pains became worse with deep breathing, and severe pain tended to 
center in the “heart region.” He doubted his ability to survive the next pain. Shortness of 
breath rapidly developed, and was especially aggravated by exertion. At the onset he took 
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CRIMM AND KIECIII.E; 


strong physic with whiskey for a “stimulant,” ami the resultant caused fullness in the left 
chest. Physics such as salts or castor oil were taken every six to eight weeks. He described 
the sensation of fullness during the lirst attack “like brickbat in the side, one-half brick high 
and one brick sideways (laterouiedially),” clearing with slight change in position, thereby 
relieving pain and permitting him to recline. This sensation upon change of position oc¬ 
curred throughout his first attack. 

The second attack, in 1941, was of one week’s duration. While shucking corn, pain ap¬ 
peared in the same location, but migrated to the left sacral area. Pain was characterized as 
more continuous and less severe, but was still stabbing in character and required bed con¬ 
finement. Pain was aggravated in attempting to get out of bed. 

The third attack occurred in 194S. While sitting in church he was seized with a sharp, 
hard pleurisy- pain under the left shoulder blade, passing through to the front of the chest. 
It was worse upon deep breathing. Rubbing liniment was prescribed, and the pain shifted 
to the location originally described in first attack, left anterior axillary line midway between 



P’S- 1-—Broncliogram shows extrapleural density in left chest displacing- bronchi. 

the left costal border and left iliac crest, and situated moderately deep. After the shift in 
location of pain, some relief was experienced. At this point, the patient described “vibra¬ 
tion and blubbering” like fluid in the left chest, changing position with posture and motion, 
hater on, edema of the feet and ankles was noticed, and a roentgenogram of his chest was ad¬ 
vised. 

Past history is negative for any serious illnesses, accidents, or operations. In his family 
history, lfi s mother had died in 1904 with tuberculosis. 

Positive findings of physical examination consisted of: left pupil slightly irregular; 
nasal septum deviated to the left with partial obstruction; thorax symmetrical with restricted 
respiratory movements, along the right margin; the right lung exhibited increased breath 
sounds; the left lung presented dullness at the base, especially anteriorly, with absent breath 
sounds and absent fremitus at the base anteriorly; axillary fremitus was heard on the left 

Laboratory findings were: W.B.C. 10,900; juveniles 1 per cent, stabs 1 per cent, seg- 
en ers 80 per cent, small- and large lymphocytes IS per cent. Sedimentation rate I o' mm. 
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(Cutler method). Urinary findings were negative. R.B.C. 4,000,000, with 76 per cent HI). 
(Sahli). Blood type A. Aspirated bronchial secretions were eytologically negative for neo¬ 
plastic cells. 

X-Ray Findings .—Bronehogram (Fig. 1) demonstrated a dense mass in the left lower 
chest reaching the level of the ninth rib and displacing the left lower bronchi superioil) anil 
the heart slightly to right. Fig. 2 is a radiograph taken on the sixth postoperative da). The 
diaphragm is outlined. A small quantity of fluid is present. 

Operative Report .—A large, rounded, well-encapsulated mass was located on the left 
diaphragm with major fibrous attachment in the form of a short pedicle located posteio 
centrally in an area about 4 by 3 cm. and which mass, when separated, left bleeding sui faces 
on both diaphragm and tumor capsule. Pleural adhesions were present laterally and media ) 
connecting to diaphragm and to mediastinum. There were large adhesions connecting t le 



Fig. 2.—Radiograph taken six days after removal of tumor shows outline of left di P 
small quantity of fluid, lung re-expanding. 


tumor firmly to the inferior aspects of the lung which appeared and felt atelectatic, 
tumor was well demarcated and encapsulated. Recovery was uneventful. The. pa 101 
discharged from the hospital on the sixth postoperative day. ^ 

Gross Pathology Report .—Tumor mass (Fig. 3) measured 15 by 10 by 10 tin. a 
weighed 190 grams. Surface was smooth except for areas of pleural and diaphragmatic a 
tachment and a bosselated area approximately 4 cm. in diameter. Consistency was moi er. ^ 
firm and resilient and cut surface exhibited bulging with occasional yellowish degcnei 
areas tumor being similar in gross characteristics to uterine leiomyomas. It was circuni 
scribed and encapsulated. 

Microscopic Description. —(See Figs. 4 and 5.) Section showed tumor composed of so i 
_ SS es of spindle cells. There was a moderate amount of intercellular substance. The nuclei 
masses Ilunl erous. They were of moderate size and of uniform staining. The chromatin 
were ' dispersed. Mitoses were rare. There was no special architectural arrangement 

was e\en ) form thick bundles. These cells did not appear especially active, 

beyond tendenc) of ecus . 11 
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Fiff. 3—Hemisection of tumor. Blade points to yellowish degenerated area. 

rhe tissue appeared to he benign. Other portions of tissue were somewhat distorted One 

here 2" man '' Capillary ‘ Si7 ' ed spaces formed of cells similar to those of tumor, and 
e the fibrous nature of the tumor was not so marked. 

one yfaTTlmn patient remaiued ^tom-free, with apparent recovery, for 

« jLe 19 S Th“ P t gan TY’ f naUy l6adillg t0 biopsy of r ™nt tumor mass 

'■n color’ 2th inereo 1 T^ ° f S ° fter “^tency, red 

and confine! , vascularitj 1 as compared to the first tumor. Attachment was extensive 

turn, whereas "the' 11 f tht ‘ diap! ‘ ragnl " ith definite ^osion of that struc- 

(Fig.fi) t^s alsodTfff t IT 1 ^ ^ mTade the diapllra g“- The microscopic picture 
There were L W Tary “ g degrees ° f fib ™sa«°matous activity in various areas 

considered Z»7n ““‘T benign “ appear “ ce as was the original tumor. It ^ 

sarcoma. FollowLiV 11 6XP ^h 0 "' A 'f PSy Sll °"' ed the t0 be a malignant fibro- 

ollouuig deep x-ray therapy, the size of the tumor was not greatly altered, but 
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the patient apparently was more comfortable. Subsequent radiograph (Fig. 7) showed the 
recurrence of the diaphragmatic tumor mass, with metastases to both lungs. The patient died 
thirty-four months after removal of the initial tumor. 

COMMENT 

It is perhaps idle to speculate whether these were two separate tumors, or 
the second one a recurrence, with malignant degeneration of the original 
tumor. We might assume the original tumor to be a histologically and ap- 



Fig. 5. 

s_photomicrographs showing low (XGO) and high (X530) magnification, the 

Figs, -i anu inactive phase. 
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parently benign leiomyofibroma of the diaphragm which underwent malignant 
anaplasia and degeneration in its recurrence in the form of fibrosarcoma. The 
original tumor, however, was probably a low-grade fibrosarcoma, which be¬ 
came anaplastic and activated in its recurrence. 


Fig. 6.—Photomicrograph (X530) demonstrating marked change and flbrosarcomatous activity 

of the recurring tumor* 



r- v Sk 





F ‘S- -. Radiograph thirty-three month after 



months after removal of initial tumor cbnn-m^ tu . 

the diaphragm with metastases. ' ° 1110 recurrenc 
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SUMMARY 

1. A ease of fibrosarcoma of the diaphragm is presented. 

2. A review of the literature revealed thirty-eight primary tumors which 
have occurred in this anatomic location. 
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THE REPAIR OF EXPERIMENTAL TRACHEAL DEFECTS WITH 
FRESH AND PRESERVED HOMOLOGOUS TRACHEAL GRAFTS 

Orland G. Davies. M.D.. -T. Malc olm Edmistox. M.D.. and 
II. .1. McCorkle. M.D. 

San Francisco. Calif. 


TX 1940 TafteP described the regenerative capacity of the trachea and several 
1 reports have appeared subsequently in the literature concerning expeii- 
mental resection of the trachea in dogs.~' ; A few reports of attempts to restore 
the continuity of the human trachea have been recorded. 4 ' 10 

It is conceivable that situations that make bridging of defects in the 
trachea desirable may arise in dealing with neoplasms, inflammatory stenosis, 
or trauma in the cervical or thoracic trachea. One difficulty complicating 
anastomosis of the larger respiratory passages is the frequent development 
of strictures postoperatively. At this writing no reports describing the use 
of tracheal grafts to repair large tracheal defects could be found in the avail¬ 
able literature. 

Preliminary experiments were performed on the cervical trachea of anes¬ 
thetized dogs in order to compare various methods of preservation and inser¬ 
tion of tracheal grafts. All tracheal grafts were obtained by clean, but not 
strictly aseptic, technique. One series of tracheal grafts were preserved in 
Tyrode's solution by a method similar to that reported by Gross 11 for the 
preservation of blood vessels. A second group of tracheal grafts were 
preserved by rapid freezing in a bath of methyl alcohol and dry ice and kept 
at a temperature of 70° C. below zero. A third group of tracheal grafts were 
preserved in a 4 per cent solution of formaldehyde. A segment of cervical 
trachea containing three to six cartilage rings was excised, and the resulting 
defect bridged with a homologous tracheal graft. This graft was fixed in 
position with interrupted Xo. 40 cotton sutures. An attempt was made to use 
a graft which approximated as nearly as possible the diameter of the excised 


segment of trachea. The graft was usually one to two rings longer than the 
section of trachea removed. All animals in this and in the following studies 
received 400,000 units of penicillin daily for five days postoperatively In 
this preliminary group of tracheal grafting experiments the results, shown in 
Table I, were the same whether the grafts were freshly obtained, frozen, or 
preserved in Tyrode's solution. Within a period of one to three weeks the 
giarted segment became narrowed to the point of complete obstruction. 


Fr °m The Experimental Surgery Laboratories, University of California School of iledi- 
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Tyrode 

Fresh 

Frozen 
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Table I. Tracheal Grafting Without Supporting Tube 


*Reoperated. 


AGE OF GRAFT 

1 week 

2 weeks 

10 days 
5 days 
4 days 

11 days 
2 weeks 


LENGT H OF GRAFT 
4 rings 
4 rings 
6 rings 
4 rings 
6 ri ngs 
6 rings 
4 rings 
4 rings 


SURVIVAL TIME 

22 days 
3 days 

24 days 

23 day* 

14 days 
11 days 
11 days 

3 days 


RESULTS 

Expired 

Obstructed* 

Obstructed* 

Obstructed* 

Obstructed* 

Obstructed* 

Expired 

Obstructed* 







:llli 


* ifir ' 1 ■ Creation of trachea! window 


and insertion of tracheal graft. 


.+•] C osc °^ c exam ination of these specimens showed disintegration of the 
ge an ieplacement with fibrous tissue. The epithelial lining had dis¬ 
appeared, and the lumen of the transplanted graft was lined instead with 
chronic granulation tissue. The grafts preserved in formaldehyde were 
sloughed into the lumen of the trachea and were surrounded by a capsule of 
ious and granulation tissue. These grafts showed no evidence of being in¬ 
corporated into the normal trachea. 

From this group of experiments it appeared that, regardless of the method 
of preservation of he graft, postoperative stenosis developed in all instanees 
in which no tracheal support was used. 

In a second group of two animals a window was made in the anterior 
surface of the trachea. This defect involved two rings and one-third of the 
circumference of the trachea. A tracheal graft of comparable size and pre- 
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repaib of experimental tracheal defects 


UAU1W - . . 

served in serum enriched Tyrode’s "^^^^^l^tpportive tubes were 
interrupted No. 40 cotton (T 0 . 

used in these dogs. half months after operation, these 

At the time of autopsy, four and , (Fi „ 2 ). The cartilage 

grafts were completely incorporated mo 1 c0 ^ ered by epithelium 

had survived, and the inner surface ot the .tatt 


(Fig. 3). 


Fig. 2. 



Fig. 3. 


Fig. 2.—Gross appearance ot tracheal window graft four and 
operation. . . _ 

Fig. 3—Microscopic appearance of tracheal window graft four 
after operation. 


one-half months after 
and one-half months 


In a third group of experiments a method was developed in which an 
acrylic (“lucite”) tube was used to splint the tracheal grafts inserted into the 
cervical and thoracic parts of the trachea. 

The cervical portion of the trachea was exposed by a midline veitical in¬ 
cision and a segment of three to four rings of trachea excised. Into this defect 
a tracheal graft containing the specially designed acrylic tube was fixed in 
position with cotton sutures and No. 32 stainless steel wires, as indicated in 
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the grafting in the cervioni tleCe ^‘ sar T t° use an intratracheal catheter during 

.«*• ««*. were preserved 

in seven dogs on ei »ht l 01 011 ° to ^ a y s > and then implanted 

in position with No°32 irauffe” 1 *" ■ ? ^ filSt f 0Ul ‘ animals tlie tube was fixed 
to seven weeks later, "a of™ 1 and beeame ctisiodged three 

Place in the last fom- o,,™ » 2 * gauge wire maintained the tubes in 

alive and wittonf ” s 2°?“ «"** *m of these .nim.ls were 

(see Table III) ' ^ s y in Ptoms after seven months of observation 

grafting showed norma? 0 ) 1 ^ ammal sacri hced six months after tracheal 
in place (Figs. 7 and St U m? pai ' enebyma - The acrylic tube remained securely 
its wall and eomr>1«+ . e 8rafted segment showed cartilage remaining in 
(Fig. 9). 6 leg,enera tion of the lining by squamous epithelium 



Fife'. 4. 


Fig-. 5. 

f| acrylic tube - 

ainless steel wires passed through ribbon muscles and tied. 

_ ° F TRACHEAL Su“vI V Tub2 ESERVED Tracmeal Gbafts WlTHOl,T 


Ribbon tnusci^^ •- 
Fig-. G. 


METHOD OF 
PRESERVATION 


Serum enriched 
Tyrode’s solution 


AGE O F GRAFT 
2 days 
4 days 


LENGTH OF 
GRAFT 


1 by 1.5 cm. 
1 by 1.5 cm. 


SURVIVAL TIME 


4% months 
414 months 


RESULTS 


Sacrificed 

Sacrificed 


AGE OF GRAFT 
1 day 
1 week 
12 days 
1 day 
1 day 

1 mo. 

2 days 
15 days 


= S C °"" CJL Acrvuc T„« S „™„ 


LENGTH OF GRAFT 
10 rings 

5 rings 

6 rings 
0 rings 
6 rings 
G rings 
G rings 
G rings 


survival period 


•Rcoperated. 


20 days 
49 days 
30 days 
49 days 
G months 
7 months 
J months 
7 months 


RESULTS 


Expired 

Obstructed’ 

Expired 

Expired 

Sacrificed 

Living 

Living 

Living 
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TABLE IV. 


REPAIR OP E.-0-EH.MENT.M. TRACHEAE MPECTS 
Tu „„c,c ThacRPa,. 


371 


AGE or GRAFT 

4 days 

5 days 
15 days 
21 days 
10 days 

7 days 
Fresh 
1 day 
Fresh 
14 days 


I.EXGT11 OF GRAFT 


5 rings 
5 rings 
5 rings 
5 rings 
5 rings 
0 rings 
0 rings 
0 rings 
0 rings 
0 rings 


snu-iv.u. PERIOD 
10 months 
10 months 
8 months 
10 months 
10 months 
S 1 ,-. months 
5 months 
5 months 
S months 

months 


Laving 

Sacrificed 

Sacrificed 

Living 

Living 

Sacrificed 

Sacrificed 

Living 

Sacrificed 



of cervical trachea showing intratracheal acrylic tube in place. 


Fig. T.—Roentgenogram 

::s xr" ~^ rrtziT^ 

ment of the intratlioracic trachea 3 to 4 rings m length was excised ai 
graft containing an acrylic tube ivas sutured in place m a mannei 
that described for the grafting of the cervical trachea. After the prox 
suture line was secured, the intratracheal catheter was withdrawn. Th 
distal sutures were then rapidly drawn up and tied, and respiratory exchange 
was maintained by means of an oral intratracheal cathetei. T e v> n'O su uies 
were passed through the paravertebral musculature to prevent their erosion 
through the tracheal cartilage (Fig. 11). Air was withdrawn from the pleural 
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space by a rubber catheter, and the thorax closed without drainage. At the 
close of the procedure 5 c.c. of a solution containing 40,000 units of penicillin 
per cubic centimeter were instilled locally into the pleural space. 


Fig-. 8. 



Fig-. 9. 

Fig. 8.—Gross specimen of grafted segment of trachea containing acrylic tube. 

Fig. 9.—-Microscopic section (X17-2) showing regenerated epithelial lining and car 
remaining in cervical graft. Sacrificed six months after insertion of graft. 

Ten animals had segments of thoracic trachea removed and replaced with 
tracheal grafts preserved in serum-enriched Tyrode's solution. These grafts 
were preserved from one to three weeks before they were used. The freshly 
obtained tracheal grafts were also used in this group of experiments. All of 
the dogs survived this operation, and have been observed for periods up to 
ten and one-half months postoperatively (See Table IV). 

It was found that the tube could be removed readily by means of the 
bronchoscope, when the wires were broken or cut at a second-stage operation. 
The fine No. 32 gauge wire was used in all of these animals. 



DATES ST AL.: REPAIR OF EXPERIMENTAL TRACHEAL DEFECTS Old 

Iu four of ihe six animals sacrificed at varying intervals, the wire had 
disrupted and the tube was dislodged. Autopsy examination revealed normal 
lunp parenehvina. The sraft was shortened and the lumen nairotted to about 




Fig. II-—Completion o£ suture 

t^o-^hirds of the normal diameter. One animal apparently had ejected the 
^ ^ ,, as a ^ SenT a t autopsy. On microscopic examination of the grafted 
a* «me chronic inflanmiatory reaction was observed; however, the grafts 
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Table A. Pneumonectomy and Tracheal Graft Using Acrylic Tube 


graft age 

1 survival period | 

RESULTS 

1 week 

3 days 

Fresh 

5 days 

4 days 

8 hours 

6 hours 

1 week 

3 mouths 

7 months 

Expired 

Expired 

Expired 

Expired 

Living 



1 iff. 1-. The right luny removed and the carina and a portion of the left main-stem bronchus 

to be removed. 


weie lined with squamous epithelium. Some cartilage remained in the area 
of the graft in all of these specimens. 

In a fifth gioup consisting of five animals a right pneumonectomy was 
performed through an incision in the right fifth intercostal space. After re¬ 
moval of the right lung, the distal 3 rings of trachea, the carina, and first 2 
lings of the main-stem bronchus were freed from the surrounding fascia and 
excised (Fig. 12). A free, homologous tracheal-carinal graft preserved in 
serum-enriched Tyrode’s solution was then inserted into this defect by a 
technique similar to that already described for thoracic tracheal grafting 
(Fig. 13). Ihe light main-stem bronchus on the graft had been closed with 
interrupted mattiess sutures of No. 40 cotton and reinforcing continuous suture 
of No. 40 cotton. The acrylic tube used to splint this defect was slightly 
angulated and tapered to allow for the difference in size of the tracheal and 
bronchial stumps. 




DAVIES ET AL.: 


REPAIR OF EXPERIMENTAL, TRACHEAL DEFECTS 


375 


The first two animals in this group died six and eight hours postopera- 
tively from leakage of the anastomosis and pneumothorax. One animal died 
one week postoperatively with disruption of the graft. One animal expired 
three months after operation, having developed a pneumonitis following a 



Fis - Fig. 13. 

Fig 0t le£t luns an<1 trachea containing tracheal graft and acrylic tube, 

(specimen o^cd] en of le£t lun S and trachea containing tracheal graft and acrylic tube 
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fight with another dog. Pathologic examination revealed the acrylic tube in 
place with well-defined cartilage remaining in the tracheal earinal graft (Figs. 
14 and 15). There was pneumonitis and consolidation in the lower and middle 
lung fields. One animal remains living and apparently well seven months 

postoperatively (Table V). 


SUMMARY 

Preserved homologous tracheal window grafts have been successfully 
implanted into the trachea of two animals. 

Complete homologous tracheal grafts have been implanted into the 
cervical and thoracic trachea in twenty-eight dogs with no operative mortality. 
In ten animals in which no means of internal support was used, the grafts 
became stenosed within one to three weeks after implantation. When cervical 
and thoracic homologous tracheal grafts were supported by an acrylic tube 
and held in position with stainless steel wire of appropriate size, the tubes 
i emained in place for the duration of the experiment and caused no apparent 
difficulty. Cartilage has remained in these grafts for at least ten and one-half 
months, and the epithelial lining has been completely replaced by squamous 
epithelium during this period. 

A method has been described for removing one lung, the distal trachea, 
carina, and a portion of the left main-stem bronchus of experimental animals, 
and bridging this defect with a tracheal graft and supporting acrylic tube. 
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HODGKIN’S DISEASE OP THE LUNG WITH CAVITATION 
Deport of Three Cases 


Leif Efskixd, M.D., axd Per Wexels, M.D. 
Oslo, Norway 


H ODGKIN’S disease is characterized by a marked involvement of lymphoid 
and reticulo-endothelial tissue. The loeation of the disease within the 
chest will therefore be determined by the distribution of these tissues, which aie 
present in abundance in the interstitial tissue of the lung and the mediastinum. 

The disease can originate in the lung itselt, or the lung can be involved 
bv direct invasion from affected glands in the mediastinum. The further spread 
of the process within the lung may follow the peribronchial or perivascular 
lymph vessels, and can result in peribronchitis or intrabronchial changes with 
granulations (Moolten 17 ). Where the granulations and thickening of the 
bronchial wall are extensive, they may cause bronchostenosis, and the findings 
will he indistinguishable from a ease of bronehiogenic carcinoma (Higginson 11 ). 
Another form of spread within the lung is the more peripheral involvement of 
the alveolar wall, with the production of granulations followed by consolidation 
of lung segments or lobes resembling an ordinary pneumonia or pulmonary 
tuberculosis. A less common manifestation is the occurrence of well-circum¬ 
scribed isolated nodules in the lung, giving a picture similar to secondaries in 
the lung. A miliary form has been described by Yieta and Craver. 3 

Central necrosis and the formation of cavities are not met with in Hodgkin’s 
disease in other parts of the body, but cavitation does occasionally occur in the 
lungs, probably as a result of the special anatomy of the pulmonary tissue. 
When a cavity has been formed within the infiltration, pulmonary tuberculosis, 
lung abscess, or abscess in combination with a bronehiogenic carcinoma have to 
be considered in the differential diagnosis. 

The symptoms caused by pulmonary Hodgkin’s disease are more or less 
tne same as those met with in the more common pulmonary diseases. They 
are fever, cough, night sweats, pain in the chest, loss of weight, and dyspnea. 
If a cavity is present the patient will probably cough up purulent sputum; 
lemoptysis is not common, but has been recorded. Changes may take place in 
the peripheral blood, and patients suffering from Hodgkin’s disease may have 
a normal, high, or low, blood-cell count. The sedimentation rate is generally 
elevated. A positive diazo reaction in urine is suggestive, but not necessarily 
Pi'esent. In about 10 per cent of the patients suffering from Hodgkin’s disease 
one finds generalized pruritus which is a very troublesome complaint. 

The prognosis in eases with pulmonary Hodgkin’s disease is not as good 
as m patients afflicted with the same disease in other parts of the body. In the 
coses with pulmonary manifestations and cavitation reported in the literature, 
je survival from the time of the first symptom to death varies between two 

From the Surgical Department A of the University Clinic, 
received for publication Sept. 17, 1951. 
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and nine years. The presence of constitutional symptoms is often met with in 
patients with pulmonary involvement, and is a bad prognostic sign. 

During the last two years, three patients suffering from pulmonary Hodg¬ 
kin’s disease, with cavity formation, have been observed in our department. 

Case 1.—A. E., a woman, aged 30 years, previously had had no illness. In the autumn 
of 1947 she was vaccinated with B.C.G., but the Pirquet and Mantoux tests were still negative 
in May, 1948. In December, 1948, she became ill with fever, pain in the right side of the 
chest, and felt listless. She developed an unproductive cough and her B.S.R. was 110 mm- 
The Pirquet test was still negative, but the Mantoux test was found to be positive. A radio 



Fig - . 1.—Anteroposterior radiograph showing a density in the right upper 

in Case 1. 


lobe with a cavity 


graph of the chest showed an infiltration in the right upper lobe, and one month later a ca 
had appeared in this opacity. In another hospital a diagnostic aspiration of the lung ca ^ 
was performed and purulent fluid obtained. The fluid was sterile, and on culture no 0 
of bacilli occurred. Because of the elevated temperature and her clinical appearance 
was treated with systemic penicillin; this treatment was followed by a fall in the tempe 
and clinical improvement for a short time. 

In the beginning of the year 1949 she became ill again with chills, elevated temperature, 
and this time coughed up a mouthful of blood-stained purulent sputum. After this she nn 
proved, and her condition was thought to be caused by a lung abscess. 

She was admitted to the Surgical Department A in February, 1949. Her geueral con 
dition was fair, she had moderate anemia, B.S.R. was 109 mm. The white blood cell couu 
S 9 00 with 15 per cent lymphocytes. Bronchoscopy was negative. The radiograp >= 
of tlie'chest showed a density with a large cavity in the anterior segment of the right upper 

lobe (Figs. 1 and 2). 
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Fig. 3.—Photomicrograph of the involved lung in Case 1. 
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Fig. 4.—Anteroposterior radiograph showing a density in the right upper lobe with a caub 

in Case 2. 



5 _Lateral tomograph showing the cavity in the anterior segment of the right upper lobe 




EFSKIND AND WF.XELS: HODGKIN S DISEASE OF LUNG 


3S1 


On March '2 a thoracotomy was performed on the right side. Firm adhesions were 
present between the chest wall and the anterior segment of the upper lobe, which was adherent 
to necrotic glands in the mediastinum. Along the internal mammary artery in the intercostal 
spaces, small fluctuating areas were found and were thought to be necrotic glands. A tuber¬ 
culous process was considered the most likely diagnosis. The upper and middle lobe and the 
necrotic glands in the anterior mediastinum were removed. 

The histologic examination of the lobes and the glands proved to be Hogkin : s disease 
(Fig. 3). 

The patient received postoperative radiotherapy, but later she developed a retrosternal 
Sstula. She gradually lost ground, and died two years after the operation. 

No post-mortem examination was obtained. 



Fig. 6.—Photomicrograph of the involved lung in Case 2. 
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Case 2.—J. B., a woman, aged 21 years, who in 1948 had had jaundice of two weeks 
duration. Otherwise she felt well, and there was no report of any previous illness. In the 
autumn of 1948 a routine mass radiograph revealed a density with cavitation in the anterior 
segment of the right upper lobe. She did not feel ill, but was admitted to a hospital for 
further investigation. The B.S.R. was 100 mm. 


She was admitted to the Surgical Department A in February, 1949. Her general con 
dition was good; there were no abnormal physical findings in her lungs. No glandular 
enlargement was palpated. She had a moderate anemia, B.S.R. was 66 mm., and the white 
blood cell count was 11,000, with 20 per cent lymphocytes. Bronchoscopy was negative. The 
radiographs of the chest showed a density in the anterior segment of the upper lobe wit' 
cavitation (Figs. 4 and 5). 



Fig'. S.-—Anteroposterior radiograph showing a density in the right upper lobe with a 

in^Case 3. 


On the diagnosis of lung abscess and the possibility of Hodgkin’s disease, a t mraco ^ 
was performed on March 4. A mass the size of a duck's egg was found in the arttcrror^^e^ 
raent of the right upper lobe, which was adherent to the mediastinal pleura and t ie m 
lobe. Some small glands along the upper lobe bronchus seemed to be involved. The "I 
and middle lobes were removed. , 

The histologic examination showed a polymorphous picture characteristic of 0 

disease (Fig. 6). sid 

She received postoperative radiotherapy to the mediastinum and to the opera 
but onlv five months later a shadow in the left liilum and one in the posterior part o 
mft lower lobe appeared. She was again treated with irradiation to the mediastinum 
the left lumr. la spite of this, the disease progressed on the left side, and her gen ^ 
condition deteriorated steadily. Two years later she had marked infiltration of th 

lung (Fig. 7). 

n _j a woman, aged 53 years, who previously had been healthy. A mass 

d'ograph Two years previously showed normal lungs and mediastinum. The Firquet tea 

was positive. 
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Fig. 10.—Photograph showing involvement of the skin in Case 3. 
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In December, 1950, she developed an exanthema of the trunk and the extremities with 
a severe and troublesome pruritus. 

In January her B.S.R. was 100, and she was advised to have a roentgenogram of her 
chest made. This showed a density in the anterior segment of the right upper lobe with a 
cavity. (Figs. 8 and 9.) She was admitted to the hospital for further investigation. Her 
general condition was good but she complained of severe itching and her exanthema showed 
many scratch marks (Fig. 10). The temperature was normal, and the B.S.R. was j 7 mm. 
The white blood count was 26,000. There was a marked anemia (73 per cent). The (liaro 
reaction was positive. 

She was transferred to the Surgical Department A on March 15, 1951, with a diagnosis 
of Hodgkin’s disease. 



Bronchoscopy showed some broadening of the carina, and from the right upper 
bronchus reaeeumulating purulent secretion was sucked out. A smear was examined an 
showed giant cells very much like the Dorothy Reed-Sternberg cells (Fig. 11). A thoraco on J 
was performed on March 27, 1951, and a large mass was found in the anterior segment 
the right upper lobe, and large glands in the mediastinum were densely adherent to the un^ 
The superior vena cava was embedded in the involved glands and firmly adherent. It was i 
considered possible to remove the glands radically, and only bits for section were taken. 

The diagnosis was confirmed and proved to he Hodgkin's disease (Fig- 12). I 10 
was no evidence of tuberculosis. Postoperative irradiation resulted in some decrease in I IL 
pulmonary infiltration two months after operation. 


DISCUSSION 

The three reported eases were all women aged 20 to 53 years. The symp¬ 
toms referable to the respiratory tract prior to admission were very slight. 



EF3KIXD .VXD WEXELS : 


HODGKIN’S DISEASE OF LUNG 


3S5 


They all had a high B.S.R.—100 or move mm. in one hour. The pulmonary 
lesions in all three eases were localized to the anterior segment or* the upper lobe 
on the right side. They all had adhesions to the mediastinal pleura, and in all 
eases enlarged retrosternal glands were found. In none of the eases was general 
lymphadenopathy present. 

In pulmonary Hodgkin's disease it will always be a problem where the 
primary site of the lesion is, if the disease has started in the lung 01 in the 
mediastinum. This will be of considerable importance in deciding the justifica¬ 
tion for surgical treatment. 
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Fig. 12.—Photomicrograph of the involved lung in Case 


That the disease should have started in the lung and later extended to the 
glands in the mediastinum is not very likely, as the first group of lymph glands, 
situated along the larger bronchi, was involved in only one of our eases. The 
most likely sequence is that the disease in the lung has extended from involved 
glands in the mediastinum by direct extension through the pleura. 


In the literature nine cases of Hodgkin’s disease with cavitation in the lung 
ave been recorded. The site of the process was the right lung except in one 
instance (Rubenfeld 19 ). No clue, as to the primary site of the disease, was 
tound in these cases. 


A positive diazo reaction in the urine was suggestive of Hodgkin’s disease 
lu a P a tient with thoracic manifestations, as here described. 
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A bronchial smear examined for Reed-Sternberg cells can, as occurred in 
one of our cases, verify the diagnosis. 

The treatment for pulmonary Hodgkin’s disease will be as for Hodgkin’s 
disease elsewhere: roentgen therapy, nitrogen mustard, or surgical removal of 
the localized focus. 

If a cavity in the lung is present and it is possible to remove the involved 
glands in the mediastinum, a lobectomy or pneumonectomy followed by irradi¬ 
ation and possibly nitrogen mustard seems to Ire the most logical treatment. 

If there are necrotic and secondarily infected glands in the mediastinum, 
as in Case 1, surgical treatment seems to be of little value, and in our patient 
only shortened the time of survival. 

The prognosis with irradiation alone is in the first instant not too bad, and 
regression of infiltrations and disappearance of cavities have been reported. 

In spite of the rarity of pulmonary Hodgkin’s disease with cavitation, one 
ought to have it in mind in the differential diagnosis of the more common lesions 
in the lungs. 

An effective histologic examination of the bronchial secretion may be of 
help in obtaining the correct diagnosis. 

SUMMARY 

Three cases of pulmonary Hodgkin’s disease with cavitation arc recorded. 
In all, the anterior segment of the right upper lobe was the site of the lesion. 
In all the eases the retrosternal mediastinal glands were involved. In one case 
the disease spread postoperativcly to the other lung. 
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BRONCHIAL ADENOMA 


A Case Report 

H. H. Bradshaw, M.D., Louis DeS. Shaffner, M.D., and 
W. Ralph Deaton, Jr., M.D.* 

Winston-Salem, N. C. 

M ALIGNANT change in an adenoma of the bronchus was first reported by 
Zamora and Schuster 1 in 1937. Since then many articles have appeared 
with confirmatory evidence as to the potentially malignant status of the so- 
called bronchial adenomas, but there still remains some confusion in the litera¬ 
ture regarding the exact histogenesis and nature of this neoplasm. However, m 
view of the possible malignant status of the tumor, it seems that the only feasi¬ 
ble therapy is radical extirpation of the tumor and surrounding normal tissue. 
Nevertheless, local treatment is still advocated by some bronchoscopists. hi 
order to accentuate the malignant possibilities of the bronchial adenomas, 
Doty 2 has recently re-emphasized that they are mixed tumors, as originallj 
observed by 'Womack and Graham, 3 and suggested that they be called “mixei 
tumor adenomas.” The following case is reported to illustrate the malignant 
potentialities of a bronchial adenoma, and to demonstrate that radical therapy 
may not always succeed. 

case report 

C. H. H., a 26-year-old man, was first seen at the North Carolina Baptist Hospital on 
February 12, 1943. He was referred by his physician with the following note: “Onset o 
illness January 7, 1943, with high fever, nausea, vomiting, and pain in the left lower c e 
and left shoulder. He was started on one of the sulfonamides with marked improvement 


However, in a few days the fever, nausea, and chest pain recurred, and he was 


admitted 


to the hospital. Left thoracentesis yielded 250 c.c. of blood tinged fluid, which was steri c 
to culture. A roentgenogram of the chest showed atelectasis of the left lower lobe wit i 2 
shift of the mediastinum to the left. The patient improved after the thoracentesis, a n 
was discharged from the hospital Feb. 5, 1943. He re-entered on February 9, with a tcm 
perature of 103° F., pain in the left lower chest, and cough productive of white iro . 
mucoid material. Chest roentgenogram still showed atelectasis of the left lower lobe, 
ditional history from the patient revealed that he had had an early morning cough, produc 
tive of small amounts of white sputum, and night sweats, for twelve months, with a - a 
pound weight loss in this interval. Respiratory tract infections had been frequent ever' 
winter as far back as he could remember. Increasing shortness of breath, palpitation, am 
some clubbing of the fingers had been present for four or five years; this had been at 
tributed to hay fever, which he had to a moderate degree. There was no history of ex¬ 
posure to or familial incidence of tuberculosis. 

Examination: Temperature, 102.6° F., pulse rate, 104; respiratory rate, 24; blood 
pressure 115/78. The patient was a well-developed, acutely ill, young white man who was 
frequently stricken with paroxysms of coughing. The pharynx was moderately injected. 

7 Trnm the Department of Surgery, Bowman Gray School of Medicine of Wake Forest 
College And the North Carolina Baptist Hospital. 

Received for publication Aug. 13, 1951. 

• Trainee, National Cancer Institute. 
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The trachea deviated slightly to the left. The left lung below the fifth rib was dull to 
percussion, with absence of breath sounds and fremitus. The heart was shifted to the 
left. No other abnormalities were noted. 

Laboratory Data: Urinalysis was negative. Hemoglobin 10 Gm., E.B.C. 4.S million, 
W.B.C. 17,700, with 76 per cent polvnuclearcytes. Sedimentation rate (Wintrobe, cor¬ 
rected) 49.5 mm. per hour. Kahn negative. Sputum negative for acid-fast organisms. 
A roentgenogram of the chest was reported as showing atelectasis of the left lower lobe. 
Bronchoscopy revealed a papillomatous growth at the orifice of the left lower lobe bronchus. 
A biopsv was taken and reported as follows: Gross: specimen consisted of a small frag¬ 
ment of tissue which measured approximately 1 cm. in diameter. Microscopic: Sections showed 
irregular islands of cells composed of epithelium of the basal type. Many cystic areas of 
degeneration were seen. The tissue for the most part was situated in a dense sclerotic fibrous 
tissue stroma; however, myxomatous areas were seen. Diagnosis: Basal-cell carcinoma of the 
bronchus. It was entirelv possible that in this case an adenoma of the'bronchus was being 
dealt with, and the material for study merely represented a basal portion of such a lesion. 



Eig. 1 . Photomicrograph of original biopsy specimen. (low power X95). showing irregular 
epithelial glandular islands, with cystic degeneration. 

Bepeat bronchoscopy and biopsy were performed; the pathology report was as follows: 

. r ° s f ; s P ec imen consisted of a small, rounded, dark, soft piece of tissue measuring 7 mm. 
m diameter. Microscopic: sections showed hemorrhagic surface beneath which were irregular 
epu lelial cellular accumulations possessing degenerated centers. Diagnosis: The picture 
e * e '™ s suggestive of adenoma of the bronchus. Since these tumors are the type which 
resembled so-called mixed tumors, it is possible that a basal element predominated in certain 
tonw The pr0S1103is should be the saB,e ia eitUer case. On Feb. 23, 1943, a left pneumonec- 
were ,'.' aS performed though the bed of the fourth rib anteriorly. The vessels and bronchus 
"as first r mdmduall >'- As the papillomatous growth was cut through when the bronchus 
bronchus ^ ’ an ° tUer seCtion W3S rem0ved > thus takia S practically all of the left main 

and ’ . e pathology report was as follows: Gross: specimen consisted of the left lun" 

main h™"! 0 ' 1 ° f th ® 3tem bronclms ' T "° lar ge bronchi could be seen branching from the 
“us, and one of the two bronchi was thickened about its margin. Serial sections 
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were taken through this entire thickened portion to try to demonstrate the origin of the primary 
tumor which has previously had a biopsy taken from it. Several enlarged lymph nodes were 
attached to the separate portion of bronchus and also about the hilum of the lung. Upon dis¬ 
section of all the large bronchi and many of the smaller bronchi, they were found to be rather 
markedly dilated and tilled with a thick mucoid yellowish purulent-appearing material. Micro¬ 
scopic: Sections through the one separate bronchus which was thickened showed a tumor which 
was of the same type previously described in the biopsies. Portions of the external surface 
of the tumor were covered by bronchial mucosa. The tumor also extended deeper into the 
bronchus and in some instances could be seen between the cartilage rings of the bronchus. 
The tumor was composed of small cells with small dark nuclei, and the cells were arranged 
about a central cystic area. Sections through the various lymph nodes showed a chronic 
lymphadenitis. Diagnosis: Adenoma of the bronchus, basal-cell type, and chronic lymph¬ 
adenitis. This tumor showed no evidence of malignancy. The postoperative course was com¬ 
plicated by a low grade persistent fever, but this finally cleared and the patient was discharged 
twenty-nine days after operation. 



Fig. 2.—Photomicrograph (high power XIX5) of a part of Fig. 1. showing cellular structure. 

On Feb. 15, 1951, eight years after the pneumonectomy', the patient was readmitted to 
the hospital, this time complaining of hoarseness, which had been present intermittently tor six 
to eight months. Ilis health had otherwise been excellent; lie had been able to work (watch¬ 
maker) without difficulty. Examination was negative except for slight hoarseness of the voice, 
and dullness over the left hemithorax. A roentgenogram of the chest showed a homogeneous, 
density throughout the left hemithorax, with obliteration of the cardiac shadow. The right 
lung was clear. Laryngoscopy showed the left vocal cord to be immobile. Bronchoscopy re¬ 
vealed a small granular growth in the stump of the left main bronchus. A biopsy was reported 
as follows: Gross: Specimen consisted of a 2 min. light brown irregular soft fragment of 
tissue. Microscopic: Sections through this tissue showed it to be composed of a loose con¬ 
nective tissue throughout which there were numerous basophilic cells that were fairly uniform 
in size shape, and staining characteristics. These cells formed glandular structures which at 
times were incomplete. In all instances these cells appeared to be well differentiated. Drag- 
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iiosis: Bronchial adenoma, recurrent. It was believed that he should have left thoracotomy 
with removal of the recurrent adenoma, which evidently involved the left recurrent laryngeal 
nerve. Under endotracheal anesthesia the fifth, sixth, and seventh ribs were removed, with 
the underlying parietal pleura, which was 4 cm. thick, extremely dense, and contained small 
deposits of calcium. The aorta, bronchial stump, and a portion of the pericardium were bound 
together in a dense mass. Attempts to separate the structures resulted in severe hemorrhage. 
It finally became necessary to abandon hope for removal of the bronchial stump. Bleeding 
was controlled by Gelfoam and hot packs. The chest wall was closed in layers without drain¬ 
age. Four thousand cubic centimeters of whole blood were administered during the procedure, 
but nevertheless the patient went into profound shock soon after recovery from the anesthesia. 
Fifteen hundred cubic centimeters of whole blood given rapidly through an intravenous cannula 
alleviated the condition. The postoperative course was complicated by severe pain, and a sense 
of dullness, just below the incision. This was controlled by multiple intercostal nerve pro* 
caine blocks. He was discharged on the thirteenth postoperative day to be followed in the Out 
Patient Department. There had not been any change in his voice. It is anticipated that 
repeated bronclioscopic removals of the growth will be required. 



The recurrence of the tumor was not anticipated. At the original opera- 
1011 the 13-111 ph nodes removed with the lung showed no involvement by the 
umor. Also, serial sectioning of the bronchus revealed that the site of the 
second resection was well above the bounds of the tumor. The fact that a 
recurrence did occur indicates that either undetected local extension was 
present, or that the regional lymph nodes were invaded at the time of the ori¬ 
ginal therapy. The former seems more feasible in view of the location of the 

recurrence. 

varwV U ‘ lm ' WSS reCOgllized as be “S of mixed origin, in that it showed at 
adenoma IT ^ Sal ' Cel1 cancer > myxomatous areas, and the typical bronchial 
stl ' uet ure; that it was thought to show “no evidence of malignancy” 
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s'w ? e ,0ns <iuie “ e " t l*M (eight yearn) attests t.» 

tumor o*outh, but does not detract from the malignant nature of the 

SUMMARY 

the eh'iTnlia.-icf 186 1G r POlt a P a ^ en ^ with a bronchial adenoma that showed 
after mien inn ^ ° a mixe d tumor, and subsequently recurred eight years 
is more armi-n^r + m +T' * a PP eai 'S that the appellation “mixed tumor adenoma” 

PP pnate than adenoma, as applied to such neoplasms of the bronchus. 
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CHONDROMATOUS HAMARTOMA OF THE LUNG 

Morris Rubin, M.D., and James Berkman, M.D. 

New York, N. Y. 

INTRODUCTION' 

P RIOR to 1940 benign cartilaginous tumors of the lung, usually referred to 
as "chondromas” or "hamartomas,” were considered rare and without 
clinical significance. Recent studies of surgically removed specimens, especially 
of round, so-called "coin” lesions, indicate that cartilaginous tumors aie not 
uncommon. In fact, they have to be seriously considered in the differential 
diagnosis of asymptomatic, circumscribed pulmonary infiltrates discovered on 
routine chest roentgenography. Experience from a single institution may be 
cited as in indication of the increased frequency of detection of these tumors. 
In 1945, McDonald, Harrington, and Clagett 1 referred to three hamartomas 
resected at the Mayo Clinic. Five years later, Lemon and Good,- from the 
same clinic, described the radiographic features of no less than seventeen sur¬ 
gically removed specimens. Among thirty-three clinically silent solid pulmonary 
lesions removed surgically, Husfeldt and Carlsen 3 found five hamartomas as 
compared to only four primary carcinomas. 

Recently, one of us (M. R.) removed three cartilaginous tumors of the type 
described as "chondromatous hamartoma.” Even in this small group of cases 
certain features of the tumor were so striking that we were prompted to study 
the problem further. In addition to the three surgically removed tumors, 
twenty-eight similar growths found on post-mortem examination at Montefiore 
Hospital were studied, making a total of 31 cases. 

CASE REPORTS 

Case 1.—S. K., a 54-year-olil white man, developed pain in the right shoulder. In the 
course of a roentgen examination of the chest, a nodule was discovered in the right lung. A 
routine roentgenogram of the chest taken two years previously had been reported as “nega¬ 
tive.” Incidentally, the pain was found to be due to subdeltoid bursitis. There were no 
symptoms referable to the respiratory system. The chest roentgenogram revealed a well- 
defined, round density measuring about 1 cm. in diameter situated in the apical segment of 
the right lower lobe (Fig. 1.1). The nodule was clearly defined on right lateral tomography 
(Fig. 15). 

Tile patient was admitted to Montefiore Hospital in June, 1948. Bronchoscopy was 
done on two occasions, but no endobronchial disease found. Smears and bronchial washings 
failed to reveal tumor cells. Because a definite diagnosis could not be established, exploratory 
tioracotomy was performed. A firm, round, nodular, yellow mass was found projecting 
tom the lower lobe into the interlobar fissure. It was enucleated without difficulty. The 
patient made an uneventful recovery, and has remained well for three years. 

The ’ specimen consisted of a roughly rounded, sharply circumscribed, hard, grayisll- 
" Ute . U0< J l de, 1.5 cm. in diameter, with a wliorled, coarsely lobulated surface. Microscopic 
— n>Ina t ‘°a revealed it to be composed predominantly of hyaline cartilage, arranged in a 

From the Surgical and Laboratory Divisions. Montefiore Hospital, 
neceived tor Publication Sept. 2S, 1951. 
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disorderly mulfilobulated pattern. The areas of cartilage were embedded in loose myxouafau 
eonneetive tissue which rilled the interstices and formed a thin peripheral rim completely 
surrounding the connected lobules of cartilage. Small bundles of smooth muscle, islands of 
adult fat tissue, and isolated glandular spaces were encountered in the stroma. The glanis 
were lined by a single layer of epithelium which was euboidnl or columnar, and sometimes 
i iliated. In places this epithelium was continuous with similar cells, forming an incomplete 
layer around the surface of the specimen. Small papillae projected into some of the glandular 
rp>aces and from some points on the surface. Xo recognizable lun rr tissue was found. 



Comment: Tlie radiographic appearance of a circumscribed lesion in a 
previously normal lung suggested the diagnosis of a primary malignant tumor. 
The gross appearance of the lesion at operation indicated a benign tumor which 
could be removed by simple enucleation with preservation of the lobe. Very- 
likely, the mass had been obscured by' osseous structures in the x-ray film taken 
two years previously. 

Cass -. F. P-, a 52-year-old white woman, began to complain of shortness of bre 3 th 
in January, 1940, shortly after a round pulmonary mass was discovered on roentgen examina¬ 
tion of the chest. It was soon apparent that the dyspnea was related to a nervous disposition 
rather than to the pulmonary disease. iriie was admitted to Lebanon Hospital in Hay, 1950. 
Bronchoscopic studies were negative. Badiographie examination of the chest revealed a well- 
eireumscribed, rounded mass, 4 cm. in diameter, in the left lower lobe. In the left lateral 
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projection the mass appeared to be located in the interlobar fissure (Fig. 2). In view of 
the presence of calcification in the mass, a benign tumor of the lung was suspected. This 
assumption appeared substantiated by the fact that there had been no change in the size o 
the mass since its discovery fifteen months previously. At operation, a hard, yellow, nodular 
mass, i cm. in diameter, was found on the interlobar surface of the left lower lobe (Figs. 3 
and 4). It protruded above the surface and was easily enucleated. The patient made an 
uneventful recovery. 



f l '- HA—Postoperative roentgenogram following excision of subpleural chondromatous hamar¬ 
toma. 

Microscopic examination of the mass revealed it to be nodular, of rubbery consistenev 
and covered by a tliin layer of pleura. Microscopically, it consisted of connected multiform 
islands of hyaline cartilage which were enmeshed in a mixture of loose myxomatous and 
dense collagenous fibrous tissue aud fat. Bundles of smooth muscle and a few glandular 
-'Pacts lined by cuboidal and low columnar epithelium were found at the margins and in 
the fibrous tissue between nodules of cartilage. 

Comment; While the history and radiographic- findings suggested a benign 
pulmonary neoplasm, a malignant lesion could not he excluded. The tumor 
"as situated beneath the visceral pleura. The gross and microscopic appear¬ 
ance of this mass was similar to that in Case 1. The preoperative impression 
i^'at the shortness of breath was not related to the lesion has been borne out 
the fact that the patient still maintains she is short of breath. 
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A. PreoDerativp n Hii5? rrSn?fr < »rA ) A ^ v,1 >te woman, complaining of dyspnea. 

2 J Literal view'” t ,,™'-. n ?k < - n0 H | ' a ." 1 showing a circumscribed tumor in the left lung. 

' uit lateral lieu. Mass is seen in the region of the oblique fissure. 




Fig. 20 .—Roentgenogram following operation. a hamartAn,. , w.. 

S lobar aspect of the lowe? lobe ° n interlobar 
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, , '. ' ' a '-’-O ciur-olci, obese, white man, gave a history of bloodspitting of one 

, . ° n ‘ ^ ls al, d family histories were negative for respiratory disease. He 

to t le Tlioracie Surgical Service of the Morrisania City Hospital in January 


Cask 


.. on geno 0 iaphy of the chest revealed a rounded mass in the right lung, 4 cm. in 
... , , ’ a * J0 ' e |be diaphragm. It was sharply circumscribed and mottled in appearance. 

^ d Gr ‘* I ,r °jcction localized the mass to the middle lobe (Fig. 5). Bronchoscopy was 
® , e ’ * preoperatixe diagnosis of hamartoma of the lung was made on the basis of 

Quo radiographic appearance of the mass, as well as on previous experience with such 


h • I L ' , ‘ l * ioil > ,l circumscribed mass about the size of a plum could he palpated in 
, , “ ! ,m< < C ^ e **- bhe !l bean bag. Because of the history of hemoptysis, a 

gt mn , e ore lobectomy was performed. The patient made an uneventful recovery. 




v • 



Fig-. 5A.— (Case 3.) 


roentgenogram J of C chest lr i".aH, man ' v j th a history of hemoptysis. A, Anteroposterior 

be .Ogram ot ciiest with a ci reunisenbed, nodular mass above the diaphragm. 



The specimen was a lobe of lung 13 by 7 by 4 cm. in size (Fig. G). Its pleural surface 
as reo of risible abnormalities. A compressible, sharply circumscribed, ovoid mass was 
, U beneath tire pleura and measured 4 cm. in diameter. On section, it was separated from 
the surface by a thin rim of compressed lung tissue which was about 2 mm. in width at its 
nan owes po in * ie mass uas coarsely tabulated, rubbery to soft in consistency, gray and 
translucent for the most part, but speckled with denser opaque gray-white foci. It was 
sharply circumscribed but not encapsulated, and was easily shelled out of its bed, leaving 
a smooth, deep depression traversed by compressed blood vessels and bronchioles. Relation- 
ship to a bronchus could not be demonstrated. 

Microscopically, the.sharp circumscription without encapsulation was confirmed (Fig. 7). 
The mass was composed of connected lobules of loose myxomaotus, cellular, connective tissue, 
the free surfaces of which were covered by a continuous lining, varying from cuboidal to 
columnar and, m places ciliated epithelium. I„ some areaa a few n)ucous )and adu R 

adipose tissue, and small collect,ons of lymphocytes were noted just beneath the surface 
epithelium. Small islands of poorly-formed hyaline cartilage were present centrally in only 
a minority of the lobules. Is one of the lobules revealed calcification or ossification. 
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Comment: The radiographic appearance of the tumor in this instance 
was more characteristic of a cartilaginous hamartoma of the lung than in the 
preceding cases. The mass found within the middle lobe was much softer in 



Fig. 5B. 


Figs. 5 B Fi S- 5C - 

C ’ ^operative roin^no^m’^oUo^ine r!ght U £“ddiS ’mbe^fobectorn™ iJdle lobe - 
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consistency than the lesions in the previous two cases, due to the fact that it 
contained more myxomatous tissue and less hyaline cartilage. On dissecting 
the specimen, it was noted that the mass could he completely enucleated from 
the lobe. Hemoptysis has not recurred despite failure to demonstrate its 
source in the resected lobe. 



Pis'. G.— (Case 3.) Cross section of excised right middle lobe. Circumscribed tumor is situate 
below pleural surface consisting of numerous lobules. 

ANALYSIS OF NECROPSY CASES 

Solitary cartilage-containing tumors of the lung were found in twenty- 
eight of S,800 post-mortem examinations performed at Montefiore Hospita 
between the years 1914 and 1949. This is an incidence of approximately one 
in 300 post-mortems. In each instance the tumor was an incidental finding, 
unsuspected during life in patients who died of various diseases. There weie 
twenty-one males, and seven females (Table I). A comparable sex ratio has 
been noted by others. 

A review of the clinical records of the twenty-eight cases failed to reveal 
a single instance in which symptoms could be attributed to the cartilaginous 
tumors. Twelve of the twenty-eight patients had respiratory complaints related 
to either a primary or secondary pulmonary disease, including tuberculosis, 
primary or metastatic neoplasms, or cardiac diseases associated with congestive 
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failure. Even if symptoms due to the hamartomas had been present, they would 
have been very likely overshadowed by those due to the major illness. Boent- 
genograms of the chest were available in nine of these patients. ie ni\o 



B. 

lob#» z > A » Lo«-ix/*«£r photomicrograph of hamartoma in the right middle 

sho-Ymi Ce tumor is surrounded by compressed lung < X15). B, High-povrer view 

cartilp-?- of myxomatous connective tissue ’.vith central area of hyaline 

(X 5 f)° c ‘ r “- surface is covered by a continuous lining of cuboidal or columnar epithelium 


ineut of the lungs by other disease processes made it impossible to delineate the 
cartilaginous tumors with any degree of certainty, even when viewed in the 
>gbt of the knowledge of the net-raspy findings. Of the sixteen patients with¬ 
out primary or secondary involvement of the lungs, roentgenograms ox the 
ost >>ere available in seven. Two revealed shadows which had been over- 



Table I. Analysis of Twenty-eigiit Chondiiom atolls II 
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looked hi the ante-mortem reading; of the films. These corresponded in size 
t . I* 1 ° * lc tumois found at necropsy. The failure to demonstrate the 
or both ' U 1Un ‘ ,In ' n ” eases t ‘ a " ^ )e nserihed to their small size, or obscuration 


_ _Axaiomh. Disii.iih, i ms or .’!! Ciioxdi:o.matoi;s Ha.marto.mas of the Iuxg 


Lobar Distribution. _ 

Right Limy: 

Upper lobe 
-Middle lobe 

7 

Left Lung: 
Upper lobe 

3 

Lower lobe 

Total ---- 

t> 

Lingula 

1 


Lower lobe 

11 


Total 


15 





an endobronchial hamartoma in a 
saccular dilatation of the bronchus 


The anatomic distribution of the growths in thirty-one eases is summarized 
m Table II. It is apparent that the majority were in the lower lobes and were 
about equally divided in the two lungs. Twenty-four were located peripherally. 
0 t lese, sixteen were immediately subpleural, usually projecting above the 
suiface of the lung. Ten were somewhat deeper, being separated from the sur¬ 
face by a zone of compressed pulmonary parenchyma which varied in width 
from a few millimeters to a few centimeters. A relationship to a bronchus or 
laige bionchiole, which could be interpreted as a true connection, was found 
in five cases. In four of these the tumor merged imperceptibly with the wall 
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of a large bronchiole which, however, was neither compressed nor distorted. In 
one ease (Pier. S) the mass formed an obstructing intraluminarj pol>p in a 
major branch of the middle lobe bronchus. It was 1.5 cm. in diameter and caused 
a localized saccular dilatation of the bronchus, with partial atelectasis of the 
corresponding pulmonary segment. 

The majority of the tumors were small, varying from 1 to 2 cm. in greatest 
diameter. The smallest was 0.4 by 0.3 cm., the largest 3.0 by 1.5 cm. Their 
macroscopic appearance recorded by as many prosector's as there were tumors 
was monotonously alike, and furnished striking evidence that these tumors are 
of a similar nature. On palpation, they were rounded or ovoid, sharply cir- 



d0 ** ^‘T^°' v-power Photomicrograph (X65) of a small hamartoma showing multiple. 
Ulanri nf° wae connected lobules, the most prominent component of which is a solid central 
tissue (X15? rtl 3&e * The tllraor is not encapsulated but surrounded by compressed lung 

cuniscribed, smooth, or coarsely lobulated. While most of the tumors felt hard 
and unyielding, some were rubbery and compressible. The cut surface resembled 
cartilage, the uniformity of which in some eases was interrupted by gritty, 
ca eified, or ossified spots and streaks. With few exceptions, the masses were 
|ice of attachments to the adjacent parenchyma and could be easily enucleated, 
eavmg a smooth defect. In some eases the macroscopic appearance was suf- 
cientlv characteristic to allow gross differentiation of the tumor from coexistent 
U0< u 1U ’ cancerous metastases or tuberculous lesions elsewhere in the lung. 

Microscopic preparations of each of the tumors were available and re- 
Xa mined for the purpose of this study. Their histologic appearance was unique. 



E 


s 


if iyty'tO t-ypJTtv't] 




^ 1 ’■?■ "•" 4'"’■ ••** •' ■ r 

S#f 

>•' N^^Jv-zV-V'-jlik! WOt *-*- *-. «.-i—-■— -vV—>,>-■ 

Pigr. 10.—High-power photomicrograph showing clefts between lobules w**-h.f *?;?, m"' a /"x5G)■ 
arranged in an irregular, papillary fasliion and lined with cuboulal epltneui 

A condensation of cellular elements in the transition zone, simulating peiichon 
drium, was found in some cases. The free surfaces of individual lobules "Cie 
covered by a layer of epithelium which varied from a low cuboidal type to a 
and columnar, with or without cilia. This epithelium was indistinguisha 
from that lining normal subdivisions of the bronchial tree, and usually dipp et 
into the underlying stroma to form distorted glands. Not infrequently, 1 
protruded into the clefts between lobules, or formed glandular spaces in an 
irregular, blunt, papillary fashion (Fig. 10). Small sheets of adult adipose 
tissue were present just beneath the surface in the majority of cases. Stian s 
of smooth muscle bundles and isolated lymphoid follicles were encountered less 
frequently. A definite capsule was not present. Adjacent alveolar septa, bion 
chioles, and small blood vessels were stretched and compressed. Histologic stigmas 
of malignancy were absent in all cases. 

DISCUSSION 

The vast majority of hamartomas of the lungs are found accidentally at 
post-mortem examination. In recent years, with the wider use of routine 
radiographic examinations of the chest and the attitude that asymptomatic 
solitary lesions of the lung, which otherwise defy diagnosis, warrant exploratory 
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thoracotomy, increasing numbers are being removed surgically. It is of interest 
that two of the three patients in whom this lesion was found at operation 
presented symptoms referable to the respiratory system, A et, in both eases it is 
difficult to attribute the symptoms to the tumor. The difficulty in breathing in 
Case 2 has persisted following the removal of the mass. The middle lobe re¬ 
moved in Case 3 failed to reveal any source for bleeding which, however, has 
not recurred since the operation. It is very likely that the symptoms were not 
caused by the tumor in either instance. 

Symptoms which can be attributed to hamartomas are absent, unless they 
produce bronchial obstruction or are large enough to compress adajaeent struc¬ 
tures. This feature can be correlated with the size and location of the majority 
of the tumors, both in our material and in the cases reported by other's. Thus, 
we found a true connection with a bronchus or large bronchiole in only five 
eases. In four of these there was no compression. In one case the growth 
formed an obstructive endobronchial polyp (Fig. 8). Location •within a bron¬ 
chus is uncommon, this representing the fourteenth case of this type which has 
been reported. 

Although on occasion the identity of the lesion may be suspected from 
the roentgen findings, only exploratory thoracotomy and pathologic examination 
of the tumor can substantiate the diagnosis. The radiographic findings illus¬ 
trated in Case 3 led to a correct preoperative diagnosis. The roentgenogram 
accurately reflected the gross structure of the mass. Except in the unusual case 
in which the growth is located within a bronchus, additional diagnostic methods 
including bronchoscopy and cytologic study of material aspirated from the 
bronchus give little, if any, information because of the structure and peripheral 
location of the lesion. However, such tests are essential in order to rule out 
carcinoma or other diseases. 

Hamartomas are usually ideally suited for surgical extirpation with 
Minimal loss of functional lung tissue. Most hamartomas are peripherally 
located and easily accessible for enucleation through a small pleural incision. 
A few are centrally located and may require lobectomy, particularly if malig¬ 
nancy is suspected at operation. A rare form of massive hamartoma, almost 
replacing a lobe, has been encountered in a newborn infant at autopsy. 7 Objec¬ 
tions to simple enucleation on the grounds of potential malignancy are theoretical 
on the basis of available data. "With the possible exception of the case reported 
> Simon and Ballon, 9 there is no recorded instance of a true malignant neo- 
P asm. developing from a cartilaginous hamartoma of the lung. This statement 
M predicated on the opinion that cartilaginous hamartomas are biologicallv 
1 terent from bronchial adenomas. The relationship of the latter to malignant 
neop asm is well known. 'When located superifieially, their appearance is 
utneiently characteristic to allow recognition at operation. "Where doubt exists, 
cxanunation 0 f frozen sections quickly establishes the diagnosis. No other 
dle l' 111 ? presents a similar histologic picture, 
the t 113 StUd ‘ yields no ori?inal data t0 help elucidate the pathogenesis of 
with Um °v,i° f tlle ! XUlg xmder discussion; nor is it concerned, except incidentallv. 

Problems of nomenclature and classification. Most of the eases in our 
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necropsy group were originally designated as chondromas. While their most 
striking component is cartilage, they invariably contain other mesodermal aud 
epithelial elements. We were not able to find a single pure chondroma in the 
S,800 necropsies reviewed. This might have been predicted from the accumulated 
experience of others, without necessarily denying that true chondromas exist 
in this location. It is significant, however, that on critical examination almost 
all reported extrabronehial chondromas” of the lung are identical, consisting 
of a mixture of mesodermal elements in addition to cartilage. The current 
. consensus of opinion is that these growths are tumorlike malformations resulting 
from an abnormal mixture of normal components of an organ. Some prefei 
the designations hamartochondroma or chondromatous hamartoma of the lung 
to differentiate these tumors from the vascular malformation of the livei to 
which the term was originally applied by Albrecht 5 * 7 8 * 10 and from the gioup o 
pulmonary tumors designated as adenomas. 


conclusions . 

1. Three cartilaginous hamartomas of the lung removed surgically, and 
twenty-eight found at post-mortem examination are reported. 

2. Because of the increasing frequency with which this tumor is being eu 
countered, the lesion must be considered in the differential diagnosis of a 
solitary, rounded pulmonary lesions. 

3. A correct diagnosis may occasionally be made from the roentgen ap 
pearance of the lesion, but a definitive diagnosis can be made only by exploiatoiy 
thoracotomy and examination of the mass. 

4. Because of their unique microscopic appearance and their usually super 
ficial location in the lung, most cartilaginous hamartomas can be readily j ® 
tified in the operating room and removed by simple enucleation. Lac'- o 
familiarity with the characteristics of this lesion may result in needless sacn ce 
of lung tissue at operation. 
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PULMONARY RESECTION AND UNDECYLENIC ACID 
IN SYSTEMIC BLASTOMYCOSIS 

James E. T. Hopkins, M.D., and James D. Murphy, M.D. 
Oteen, N. C. 


T N 1894 Gilchrist 1 described the clinical picture of blastomycosis and identified 
r the causative organism. He also suggested the use of potassium iodide in its 
therapy. 

Numerous reviews of the literature give a complete clinical and laboratory 
picture of the disease. 1 ’ 2 Two forms are recognized, the cutaneous and the 
systemic. The cutaneous type is characterized by single or multiple pyogenic 
granulomatous skin lesions. In the systemic type, single or multiple granulom¬ 
atous lesions are present in the internal organs. About 50 per cent of all 
cases fall into each group. 1 The lungs are involved in over 90 per cent of the 
systemic group. The pulmonary focus is usually responsible for dissemina¬ 
tion. 2 Cutaneous disease rarely results in dissemination. 

The mortality rate of systemic blastomycosis is accepted as 90 per cent 
within three to five years after the onset of the disease. 1 Because methods of 
treatment have proved unsatisfactory, we have used previously unreported 
types of treatment in two patients. The first was a patient upon whom a 
pneumonectomy was done with the preoperative diagnosis of systemic blasto¬ 
mycosis which was localized to the right lung. A postoperative diagnosis was 
made in the second patient after the left lung had been removed as a palliative 
Procedure with the mistaken diagnosis of carcinoma. Postoperatively he has 
' Ieen treated with undecylenic acid given orally. 

Hoffman and associates 3 in 1939 showed the fungistatic effect of many 
tatty acids and their salts for certain nonpathogenic fungi. Their "work re¬ 
sulted in the introduction of sodium and calcium propionate into the baking 
and dairy industry. 


Keeney 1 was stimulated by Hoffman’s work, and in 1943 studied the in 
'ffro fungistatic and fungicidal effect of sodium propionate on common 
Pathogens. At a pH of 5.5 complete fungistatic effect was obtained for 
i astomyces dermatitidis at a drug concentration of 0.0125 per cent. Results 
p 61e P°°r at a pH of 7.4. Fungicidal activity was also demonstrated, 
lomising results were obtained for other pathogens including Torula histo- 
i~ e ’ C<l> (- occ >dwides immitis, and Histoplasma capsulutum. In the same year 
eene ! an d Broyles 5 reported good clinical results with sodium propionate on 
-AAAAA vai 'ieties of superficial fungus infections. 


^leUiecu''^Directo r n Si? Veterans Administration and published with the approval of the Chief 
? ( ‘heir own studv A?, statements and conclusions published by the authors are the results 
‘ration. ay an <l d° not necessarily reflect the opinion or policy of the Veterans Adminis- 
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Keeney s next evoik, reported a year later, liael to do with the fungistatic 
iiVdcdl activity in vitro of sodium valerate, sodium caproate, sodium 
a 3 e ,’ , U,m ca P rate » ;ii ‘d sodium undeeylenate. Hoffman and eo- 
uoi veis ia . lepoitcd that the fatty acids of these salts were most effective for 
nonpat logenic fungi at pH 7.4. These fatty acid salts were tested in vitro 
against fungi met in clinical practice as the common causes of the superficial 
an t le deep mycotic infections. They showed that the salts of fatty acids 
acquit e ungicidal activity as their chain is lengthened. The two highest chain 
sa ts, sodium capiate and sodium undeeylenate, were shown to be the most 
piomising fungicides. They were also the best fungistatic agents against the 
lungi that produce deep mycotic infections. Each produced maximum 
fungistatic activity at a concentration of 0.1 per cent (100 mg. per cent), 
lhus we had evidence of the value of the fatty acids and their salts, 
ei man s • work reported in 1949 provided us with definite evidence that 
large amounts of undecylenie acid could be taken orally. Nineteen of his 
forty-one patients showed mild gastrointestinal disturbances when up to 19.8 
Oni. of undecylenie acid were taken daily for long periods. He used it with 
controversial results in psoriasis and neurodermatitis. After treatment was 
stai ted, we obtained further evidence of the drug’s low toxicity from the work 
of Rattner. 9 He reviewed 1,100 eases of psoriasis treated with undecylenie 
acid. No figures were given as to dosage or form in which the drug was 
taken, but gastrointestinal upsets were said to have been frequent. 

Before treatment was started, we determined the in vitro effect of un- 
deeylenic acid on cultures of Blastomyces dermatitidis from four patients 
(1 able I). In all cases the organism failed to grow in a liquid broth mixture 
with a concentration of 10 mg. per cent of the drug. 

Keeney and associates 0 had obtained complete inhibition of blastomycosis 
dermatitidis at 100 mg. per cent. This discrepancy in their and our results 
may be accounted, for by three factors. They used the mold form of the 
oi ganism in a solid medium medicated with sodium undeeylenate. We used 
the yeastlike form of the organism in a liquid medium medicated with un¬ 
decylenie acid. A liquid medium and the yeastlike or tissue form of the 
organism seemed more completely to simulate the conditions found in the 
systemic form of the disease. We believed that our collected evidence and re¬ 
sults warranted trial of the drug. 


Table I. Sensitivity of Blastomyces Dermatitidis to Undecylenic Acid 


per cent inhibition 
per cent inhibition 
per cent inhibition 
per cent inhibition 
per cent inhibition 


STRAIN NUMBER 


(MO. PER CENT) 


2 3 4 

(MG. PERCENT) (MG. PER CENT) (MG. PER CENT) 


10 


10 


9 


10 

9 

s 

G 

4 


10 

9 


Sensitivity tests with undecylenie acid on four different strains of blastomvces derma¬ 
titidis. Tests done in tryptose phosphate broth CDifco pH 7.3) with the addition of 5 per cent 
horse serum. Incubated at 37 C. for seven days. Organisms tested in the yeastlike or tissue 
form. 
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Because of the previously unreported forms of therapy used, we are 
presenting two cases. 

CASE REPORTS 

Case 1—V. R., a 34-year-old Negro man, was admitted Dec. 17, 1949. Before World 
War II, he had done steel mill and construction work as a laborer. He served in the European 
and Southwest Pacific theaters. His past history was negative and previous health good. 

The present illness began in 1945. On admission the original right chest pam, hoarse¬ 
ness, and streaking were still present. He also complained of fatigue, weakness, cough, fever, 
night-sweats, anorexia, and 20 pounds in weight loss. With the exception of short periods of 
improvement of one or more symptoms, there had been gradual retrogression duiing this foul 
year period. 



A. D- 

. -Pig* L—(Case 1.) Preoperative (Jan. 5, 1950) anti postoperative (April 19, 1950) films. 

llense shadow in right upper lobe and superior segment of lower lobe. Pneumonectomy 
lin i mecl P reo Pcrative diagnosis of blastomycosis. B, Perihilar infiltration extending into 
mguia an j left lower lobe. Autopsy confirmed clinical impression of progression of spread 
°t blastomycosis in left lung. 


Physical examination showed a chronically ill patient with temperature range of 100° 
to 103° F. daily. Examination of the right lung showed slight impairment of resonance, 
diminished breath sounds and posttussive rales (Eig. 1,H). The chest plate showed a pneu¬ 
monic lesion in the right upper lobe. 

Admission blood studies showed a red count of 5,200,000, while the hematocrit was 46 
hml the hemoglobin 97 per cent. The total leukocyte count was 17,200, with 80 per cent 
polymorphonuclears, 18 per cent lymphocytes, 1 per cent monocytes, and 1 per cent eosinophils. 

r >ng the rest of the preoperative course the eosinophil count did not exceed 3 per cent. 
'* u: sedimentation rate (Wintrobe corrected) was 32 mm. per hour. Urinalysis showed a 
race of albumin. The actual vital capacity was 2,000 c.c. compared to a normal for him of 
4,ao ° cubic centimeters. 

Smears and cultures were negative for tubercle bacilli, but positive for Blastomyces 
... 1 a 1 l! ls ' Both the blastomycosis skin test and complement fixation test were negative. 
;* roc:lr diography was negative. Bronchoscopy showed a small amount of purulent material 
“ thc ri S^t upper lobe orifice. 
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riir. jourxai, of thoracic surgery 


"•as (lone on Jan. G 1950 hi ,IO * pUal Ca f e / aud preparation, a right pneumonectomy 

p- 7 . ’ ’ ie ace * ( 0Un position, using cyclopropane anesthesia. 

found to be firm ; ^ [ . Tl ! tllC ^ r ° SS s I )ccimen upper lobe and part of the lower lobe were 
yellow foci v-jin,™ C011S1 ‘ k5 Cut sections showed pinkish-gray granulomatous areas with 

Fi 7 3 l a “ avities " ith firm " aIls " erc P^ent. 

cells . Microscopic examination disclosed numerous giant cells, epithelioid 

abl'ivJs w ,UdCilr Cd ' S - ArCas “ f P-umonia, pseudo-tubercle, J micro- 

microns • /" e ^ ,le ^ e<l - Numerous double contoured veastlike organisms, about 20 

mu-rons, were identified in the lun-. * 


A. 


B. 


riglit upper lobe? l4 g ^Section'of Iunff (Jan - 4 - 1951). A. Xote consolidation of 

J section or lobs shows numerous small cavities and confluent blastomycosis 


granulomas. 




wrinkled^ wivv Cult me on blood agar at 37° C. produced numerous small, heaped, 

showed buddinir i "iT after t "° " eeks ’ ineu bation. Microscopic examination of the culture 
Culture Hi 1 °"h C ° n , t0Ured • VeaStlik ° ° rgaaismS identical with those seen in the lung, 
typical of ldastoniVees'dermlTititHs. 100 ” 1 te “ ,pCrature produeed a " hite cotton M aeriaI 8 r0 ' vtl '’ 

skin tt^ waf^f "1- SP 7 ad t0 the ' eft IW,g " as erideilt tea <>ays after surgery. Since the 
potassium “did *th deSeilSlt ‘ Zatioa " ith blastomycosis vaccine was not done before 
da h The natnr V* °' 1 Jan - U « 195 °- Treatment started with 30 drops 

t0 S' t L trlt"L7T S f° dl ° PS (15 Gm ’> b T>eb. 28, 1950, when it was necessary 

on April 17 1950 b eCaUSe 0 nausea - Small doses were again started but were stopped 
d tifn was at tbi!’) t ^ had reached 420 ^ops daily. The patient’s general con- 

. L o i r' “"eb worse. The skin test had become weakly positive, and the com- 

zs ? a 1 ,0 32 ~ 

i F h ff ' 1 f-~ Sbortly betore deat, b six- months after the pneumonectomy, a film of the left 
lung showed progression of the disease a • 

,. f | „ i ~ , i fn , . * * UCda ^ Ive disease was seen throughout the central 

portion of the lung field. The co.stophrenie ample MT1 ,i • , . . , 

^ lear 1 eJHC an h rJe aiJ d the periphery remained comparatively 


Autopsy showed blastomyces dermatitidis granulomas in the left lung the stump of the 
right bronchus, and empyema in the right pleural cavity. Organisms were also recovered from 
granulomas in the left kidney and heart. 
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Fig. 3.—(Case 1) Photomicrographs of histologic preparations from right upper lobe. 
-‘^Low-power examination of blastomycosis tubercle. Tubercle indistinguishable from a tuber¬ 
culosis process in this low-power magnification. B, High-power photograph (detail of Fig. 
3 -t demonstrating double-contoured Blastomyces dermatitidis organisms in a giant cell. 



B. 


C. 

Pow 


C. 


two^eefc- ^Smear and cultures, blastomyces dermatitidis. A, Blood agar at 37 
ower photon-iip r° e ™^ sma j 1, heaped, wrinkled, waxy, cream-colored colonies. B. High- 


►*nver photoni- C numerous smau, ueapea. wrimuea, waxy, cream-coiored colonies. B. High- 
louble-contoiirA i°P aph ,--, fre5h Potassium hydroxide preparation. Xote budding, spherical, 
^abouraud's 5 ea5tl| ke organisms identical with those seen in the lung. C. Culture on 
m„... edmm ot —- Xote white cottony, aerial growth, tvpical of 


^»u:,nyce% dlnZStitidh. temperature - 










414 


THE JOURNAL OF THORACIC SURGERY 


Comment .—This case of systemic North American blastomycosis presented 
a typical clinical course with characteristic signs, symptoms, and laboratory 
studies. The man’s condition had gradually deteriorated during four years, 
with the disease apparently localized in the right lung. At the time of surgery 
the negative skin test and negative complement-fixation test suggested a 
doubtful prognosis. 10 Both tests became weakly positive after surgery. The 
development of the positive skin test indicates that the patient was developing 
some resistance. Iodide therapy did not help his general condition. We be¬ 
lieve that if the bronchogenic spread had not occurred, life would have been 
considerably prolonged as a result of the pneumonectomy. 


Case 2.—A. P., a 40-year-old white umn, was admitted Dee. 16, 1950, from the Veterans 
Administration Hospital, Fayetteville, N. C. He had entered there Oet.24, 1950. His general 
health had been good up to the present illness. Two years before World War II service in 
1914 he had worked in the Army Quartermaster Department at Goldsboro, N. C. Since the war 
he has continued as a watchmaker in Goldsboro. Military service was in the United States. 


The present illness began at 4:30 A.M., Oct. 13, 1950, when he was awakened with 
pleuritic pain in the left anterior chest wall. He soon developed a cough productive of a small 
amount of gray-black sputum. Anorexia, weakness, and weight loss were progressive. Ten 
days after the onset he was admitted to the Fayetteville Hospital. Penicillin and aureomjcin 
were given with no improvement. The temperature curve continued between 99 to 101° T. 
Smears and cultures were negative for tubercle bacilli. 


On admission to Oteen, as a possible carcinoma of the left lung, all symptoms and signs 
continued. There had been a 20-pound weight loss since the onset. Examination of the 
right lung was negative. The left anterior chest wall showed limitation of motion. Dullness 
and decreased breath sounds were present above the third rib on the left. Blood pressure was 
130/90, and pulse was 100. 

Fig. 5A .—A chest plate of Jan. 3, 1951, showed atelectasis of the anterior segment of 
the left upper lobe with no evidence of cavitation. There had been no change since admission. 

Laboratory findings showed a hypochromic normoeytic anemia. The red count was 
4,400,000, while the hematocrit was 44, and the hemoglobin 11.6 Gm. The total leukocyte 
count was 13,800, with 60 per cent polymorphonuclears, 32 per cent lymphocytes, and 8 P*' r 
cent monocytes. In several other preoperative white counts eosinophils never exceeded 3 per 
cent. The sedimentation rate was 50 mm. per hour (Wintrobe corrected). Urinalysis showed 
a trace of albumin. The actual vital capacity was 2,500 c.c. compared with a normal for him 
of 4,600 cubic centimeters. Nine smears and one culture were negative for tuberculosis. 
Fungus smears and cultures were not made. 


A small amount of pus in the left upper-lobe orifice was present at bronchoscopy. 
Bronchial washings were obtained and showed no evidence of malignant cells. Cytologic study 
was made on four sputum specimens. One was suggestive for carcinoma. 

After nineteen days of study with eighteen days of streptomycin and six days of peni¬ 
cillin, there was no change in the. clinical course. Exploratory thoracotomy- was done Jan. 4, 
1951, and confirmed the impression of atelectasis of the anterior segment of the left upper 
lobe. The segment contained a 4 cm. mass and with the lingula was densely bound to the 
mediastinum and anterior chest wall. The impression was that we were dealing with a car¬ 
cinoma of the lung. It was necessary to remove a portion of the pericardium. The gross 
specimen showed atelectasis of the anterior segment with a mass of granulation tissue 4 cm. in 
diameter extending along and occluding the distal portion of the bronchus. 

Microscopic examination showed a chronic granuloma characterized by agglomerations 
of epithelioid cells, giant cells, polymorphonuclears, and micro-abscesses. Yeastlike organisms 
were seen. Culture on blood agar and Sabouraud's media produced the typical colonies of 
Blastomyces derrnatitidis. 
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The immediate postoperative course was stormy. Transient patchy atelectasis was pres¬ 
ent. Auricular fibrillation developed and was controlled with quinidine. There was marked 
dyspnea and mental confusion. The temperature curve was a septic type for thirty days. 
General condition was fair with little dyspnea after one month. Streptomycin, penicillin, and 
chlorouiycetin had been given for the first three postoperative weeks. 

A blastomycosis skin test and complement-fixation, test for blastomycosis were both 
negative two weeks after the resection* Fluid recovered from the left chest ea'ity Jan. 19, 
1951, was positive for Blastomyces deonatitidis on culture. At the end of the first postopera¬ 
tive month the white count was 20,200, with So per cent neutrophils, 10 per cent lymphocytes, 
1 per cent monocytes, and 1 per cent eosinophils. 



, ,. I'jj:. g.—(Case 2.) Preoperative (Jan. 3, 1951) anti postoperative (July 20, 10511 films, 
a. Dense shadow in anterior segment of left lung. No disease in right lung. Pneumonectomy 
*T“ n -, ■*. 1951) showed atelectasis. The segment contained a 4 cm. mass of blastomycosis 
*5™momatous tissue. B, The right lung is free of disease and the left thoracic cavity shows 
complete haziness tvith no evidence of disease. 


Three weeks after surgery potassium iodide was started with nine drops daily. On 
^larch 7, 1051, when he was taking 54 drops daily, nausea developed and treatment was 
stopped. Desensitization had not been done since tiie skin test was negative. An emergency 
leave was given March 10, 1951, and lie returned March IS, 1951, with serum jaundice. Be¬ 
cause of the jaundice, potassium iodide was withheld. On April 21, 1951, he developed a 
Papulopustular rash. This involved his face, scalp, gums, neck, ears, and both pectoral regions. 

he onset was associated with fever up to 101° F., which persisted for four days. Smears of 
•he pustules were positive for Blastomyces dermatitidis. 


On May 3, 1951, the patient was started on oral undeeylenie acid capsules (0.44 Gm.) 
tour, three times daily, for a total of 5.2S Gm. The white count at this time was 13,450, with 
■ per cent neutrophils, 20 per cent lymphocytes, j per cent monocytes, and 3 per cent 
femophils. By the end of the first month the dose had been increased to 10.5 Gm. daily. 

, ® *acial pain associated with the rash disappeared within ten days. Night sweats which- 
2 P ers >sted soon ceased, appetite improved, and the patient began to gain weight. 

sho U^ fter We DIOnth of tTeatmeat the skin lesions were confined to the forehead and 
' Th ??• The - V now resembled small, healing furuncles. Smears and cultures were negative. 

mono!’ !? C0UUt " as 18,150 ' vith 49 per cent neutr °phils, 33 per cent lymphocytes, 9 per cent ' 
' es > and 9 Per cent eosinophils. The sedimentation rate was 10 mm. per hour. The 
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blood level of undecyleuic acid was determined by adding 1 part of the patient’s serum to'5 
parts of the, media mentioned in Table I. This mixture resulted in 100 per cent inhibition to 
growth of the organism. Since it had been shown that the organism was completely inhibited 
by 10 mg. per cent of the drug, we now knew that the blood contained approximately 50 mg. 
per cent of undecyleuic acid. 

Ilis condition was so good June 14, 1951, that he was given leave with instructions to 
take undecyleuic acid at home. He returned from leave July 20. At this time a few very 
small pustules were present on the face. No organisms were found on biopsy, smear, or cul¬ 
ture. He had no complaints. The weakness had disappeared completely and his appetite was 
very' good. The blastomycosis skin test was now positive but the complement fixation test was 
still negative. 

Fig. SB .—A chest plate dated July 20 shows no evidence of disease. He was again in¬ 
structed to take undecylenic acid at home. 

When last seen Aug. 31, 1951, the hemoglobin was 17.3 Gm., the hematocrit 52, and 
the white count 9,(500, with 58 per cent neutrophils, 35 per cent lymphocytes, 7 per cent mono¬ 
cytes, and no eosinophils. The sedimentation rate was 19. The chest plate was negative. A 
few furuncles which were present over the shoulders were negative to smear and culture for 
Blastomyces dennatitidis. He was allowed to return to work. 

Comment. —This patient was admitted with infiltration in his left lung. 
AVe were dealing with an acute, rapidly debilitating lesion. Lack of a positive 
diagnosis required a thoracotomy with resection. 

After a successful pneumonectomy which, however, did not eradicate the 
fungus, complement-fixation and skin tests were negative. The negative skin 
test indicated little resistance to the disease. 10 Four months after surgery he 
developed a dissemination of the organism. All recognizable manifestations 
of this tragic occurrence have disappeared under the influence of undecylenic 
acid. Eight months after surgery the skin test is positive and the complement 
fixation test is negative. The patient is now working with no complaints. AVe 
will continue the treatment. 


DISCUSSION 

In the past, surgery has not been used as a planned form of therapy for 
systemic blastomycosis with a unilateral pulmonary lesion. Collected figures 
show that less than 10 per cent of the systemic cases will live over five years. 
The survivors are usually in the group with a positive skin test and negative 
complement fixation test. 

Our, first patient with the negative skin test falls into the type of case 
with a poor prognosis. His case is, as far as we can determine, the first re¬ 
ported as treated -by a planned pneumonectomy. Unfortunately, he did not 
survive. 

The second patient, likewise with a negative skin test, fell into the 90 per 
cent of systemic cases not expected to survive. His diagnosis was made after 
excision of the primary lesion. Surgery did not prevent dissemination of 
disease, but it probably allowed development of some immunity/since his 
oeneral condition improved in spite of postoperative jaundice. 

Potassium iodide has been the only chemical available in the past. It has 
not prevented death in 90 per cent of the systemic cases. It has been of 
doubtful help in patients with a negative skin test. Schoenbaeh 11 recently 
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reported one patient with systemic blastomycosis treated with intravenous 
stilbamidine. The patient is still under observation but the author thinks he 
is cured. He suggests that the diamidines be tried in severe yeastlike infection. 

Undeeylenic acid has been shown to inhibit growth of Blastomyces 
(hnnatitidis in vitro at concentrations of 10 mg. per cent. Two months’ treat¬ 
ment with undeeylenic acid eliminated the cutaneous form of blastomycosis 
in our second patient. The skin test is now positive and his general condition 
is good eight months after surgery. AYe can demonstrate no evidence of 
systemic disease. The drug in combination with surgery seems to have pre¬ 
vented certain death. 

AYe will use undeeylenic acid in the treatment of new systemic blasto¬ 
mycosis patients. Careful clinical studies will be made. AYe plan to do in 
vitro sensitivity studies using several different fatty acids and their salts 
against the most common pathogenic fungi. 

If a pulmonary lesion is present, which would be suitable for resection, 
and the diagnosis is made without exploratory thoracotomy, prolonged medica¬ 
tion will be given. If surgery does eventually become necessary, we hope to 
have protection against dissemination. AYe believe the drug will prove of 
great value in patients such as the one we have treated when the diagnosis is 
made from the surgical specimen. We plan to use up to 20 6m. of un¬ 
deeylenic acid daily over long periods. The patient herein reported has been 
on 10.5 6m. of undeeylenic acid daily for four months without symptoms due 
to the drug. 

SUMMARY 

1. Case histories of two patients with systemic blastomycosis have been 
presented. In each case the disease appeared localized to one lung. Each ease 
was treated by pneumonectomy. AYe are not aware of similar case reports. 

2. The first patient treated by planned pneumonectomy died six months 
atter surgery. Iodide therapy seemed to have little effect on the spread in his 
left lung. 

3- The diagnosis in the second patient was made after the lesion had been 
removed by pneumonectomy. A late spread occurred in spite of iodide therapy. 

4. Disease in the second patient has either been controlled or cured by oral 
undeeylenic acid. 

o- A\ e find no evidence that any of the fatty acids or their salts have been 
used to treat the deep mycotic infections. 

t\e are indebted to Mr. Carl J. Hogue of tiie hospital laboratory section for his work 
'Uth the fungus studies. 
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THE OPEN CLOSURE OF THE BRONCHUS AND THE RESECTION OF 
THE CARINA AND OF THE TRACHEAL WALL 

Viking Olov Bjork, ID, Eric Caklens, 1I.D, and Clarence Crafoord, M.D. 

Stockholm. Sweden 

T HE double lumen catheter constructed by Carlens for bronehospirometi y 
aud for one lung anesthesia has facilitated certain technical steps in lung 
resections to such a degree that it is now in daily use in our clinic. 

The catheter® is made of rubber in two sizes. The lumen of each side 
corresponds to a circular area with a diameter of 7 mm. in the catheter for 
men and 6 mm. in the one for women. The total outer diameters are lb and 
11 nun., respectively. 

The tube is introduced under topical anesthesia without the aid of 
fluoroscopy or bronchoscopy. Under mirror guidance it is introduced over 
a curved metal stylet. The rubber hook is tied down to the catheter with a 
moistened silk thread until the tube with a slight rotating movement has been 
passed through the larynx, when the slipknot is untied. The catheter is 
gently pushed downwards and turns automatically to the left when the curved 
stylet is withdrawn. During the introduction it exerts a slight pressure on the 
left tracheal wall and therefore enters the left main bronchus. It is then easy 
to feel when the hook is engaged by the earina. A slight pressure downwards 
is then exerted on the catheter when the cuffs are inflated. Then anesthesia 
and suction can be applied to each lung separately. The hook and the two 
rubber cuffs will maintain the catheter in correct position. It is not necessary 
"or advisable to have a higher pressure in the cults than enough to get an air¬ 
tight closure of the bronchus and the trachea. This is easily controlled when 
the artificial respiration is started. 

It is also possible, either in general or in local anesthesia, to introduce 
the catheter over a straight metal stylet through a laryngoscope and remove 
the stylet and the silk thread as soon as the hook has passed the larynx. 
Hany anesthetists prefer that technique, but in patients with a short neck and 
big teeth it may be of value to be familiar with the former procedure as well. 

The experience from more than 300 resections has shown the main 
advantages of the flexible double lumen catheter for one lung anesthesia to be: 

1. The open closure of the bronchus facilitating the resection of the 
earina and of the tracheal wall. 

2. Prevention of transbronchial spread in wet cases and in tuberculosis 
making the ‘‘face-down” position imneeessary. Continuous suction can be 
applied to the bronchus draining the diseased area. 

•j- The lung can be deflated to provide more operating space when it is 
se Paiated from the chest wall (see Fig. 2) and it can be inflated when lobar 
and in tersegmental planes are developed (see Fig. 3). 

for publication Oct. S, 1951. 

*. Sweden catlleter described in this paper is obtainable from A. B. Stille-Werner, Stockholm 
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While points 2 and 3 have been described in an earlier paper, the ad¬ 
vantage of the open closure will be discussed in this communication. 

One lung anesthesia makes it possible to cut through the bronchus when- 
C ' * lls su itable during the resection and to leave it open until it is con- 
? eillen ^ 1° do.se it. During the time the bronchus is left open the anesthetist 
ea \ es a sma ^ plastic catheter for continuous suction close to the cut edges 
of the bronchus to collect blood that may enter it. 



By this method it is not necessary to apply a clamp on the proximal part 
of the hi onchus. If such a clamp is applied too firmly, it may injure the 
bronchial wall causing an impaired healing. 

It may be possible to avoid the central bronchial clamp by other tech¬ 
niques, but the great advantage with one lung anesthesia is that there is no 
hurry in closing the bronchus. The bronchial tree can be inspected, bronchial 
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anomalies may be detected and the correct interpretation of the bronchial 
anatomy may be confirmed in segmental resections. Bronehotomies and local 
excisions of tumors from the bronchial or tracheal 'wall have been much 
facilitated, see Case 3, Fig. 9. Through the open bronchus aspiration with a 
small rubber catheter may easily be carried out. 



from thf'ch' 'The lung can fce deflated to provide more operating space when it is separated 
healthy on* 1 T ' a "' Continuous suction is applied to the diseased lung and anesthesia to the 

j h Bronchial Closure by Invagination .—In pneumonectomies for tubereu- 
*h, without bronchial stenosis, the invagination technique according to Crafoord 
preierred. The only danger of this technique is an obstruction of the 
proximal bronchus by the invaginated part. This may be avoided by a more 
^aet estimation of the distance to the c-arina through the open bronchus. 
lma =hiation technique may also be performed in bilobectomies, but not 
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the jourxai. op thoracic surgery 

and a simple the bl ' onchiaI stum P is *0° short 

Of this technique in oases will “' "•eimore, there is no need (or the use 
behind severing the bronchini slltm" "' hera lun « *«“ “ '«« 



earUkgtatfSgtTvpL® 6 (1) T1 ' pel ' ipl81 '“' 

elevator without injuring the adteentTsf. ,.' ‘' em0ved «» * ™ al1 

layer (see Fio- 4 A) tic •„ ... exteina l tissues or the thin submucosal 

y '■ 4 -' V . T,1W "-■» facilitate the invagination considerably (2) 

Four or five terminal interrupted sutures of No. 0000 Deknate” s“i areplaced 

M 1 nlZl ”7™,' T‘ eM SUt ” re "' iU ‘'“ der bronchus airtight. 
(4) A numbei . silk ptuse-stnng suture is then placed around each corner 

the corner eonst.tut.ng the border between the membranous and cartilaginous 

portion of the bronchial wall) see Fig. 42!). (5) Each corner is then in- 

vaginated and two or three further interrupted silk sutures will complete the 




hook l'f t %V 4 'V _ r The peripheral cartilaginous ring is removed by a small elevator. The rubber 
m the tube is riding over the carina. 

■—The first purse-string suture is placed (1-1). 

(2-2). ‘ 4C -—Ore corner has been invaginated and the second purse-string suture is placed 

F ‘g. ID. The invagination is completed by further interrupted silk sutures (3-3 and 4-1). 
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in lobectomies or segmental resections when the bronchial stump is too short 
and a simple closure is preferred. Furthermore, there is no need for the use 
of this technique in cases with partial resections, where lung tissue is left 
behind covering the bronchial suture. 


.y 



Fig - . 3. — The lungr can be inflated when lobar and intersegmental planes are developed- 

The different steps of the invagination technique are: (1) The peripheral 
cartilaginous ring is exposed with a small knife and removed with a small 
elevator without injuring- the adjacent external tissues or the thin submucosal 
layer (see Fig. 4.4). This will facilitate the invagination considerably. (2) 
Four or five terminal interrupted sutures of No. 0000 Deknatel silk are placed. 

(3) A continuous number 0 catgut suture will render the bronchus airtight. 

(4) A number 2 silk purse-string suture is then placed around each corner 

(the corner constituting the border between the membranous and cartilaginous 
portion of the bronchial wall) (see Fig. 4 B). (5) Each corner is then in- 

va°'inated and two or three further interrupted silk sutures will complete the 
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invagination. Thus several millimeters of the external bronchial wall lie pressed 
together facilitating healing (see Pig. 4A’). (6‘) Then a pedicled pleural flap 

is sewn over the bronchus. 

II. Simple Bronchial Closure .—In neoplastic disease the most radical resec¬ 
tion must be carried out. Thus the bronchus is often too short for invagination. 
With the aid of the double-lumen catheter the resection of the right lung, 
cutting out the bronchus from the trachea including earina and a portion of the 
left main bronchus can be performed at ease. This is illustrated in Case 1, 
Fig. 5. 



Fig. til .—Diagram of the invagination showing several millimeters of the external bronchial 

wall lie pressed together. 



_ , , i,:i, action of right sided carcinoma including earina, part of trachea and 

Fig. 5 .—(Case 1 .) the Ieft main bronchus. 



Fife-. <U.—(Case 2.) Bronchogram of the adenoma projecting- into the trachea obstructing 
the right and most of the left main bronchus. The abnormal right upper-lobe bronchus is 
seen originating from the trachea. 



Fig. 6 £.—Diagram of the adenoma in Case 2. 
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Case 1. A 50-year-old man was found to have a squamous-eell carcinoma of the right 
upper lobe, diagnosed at bronchoscopy. At operation a frozen section of the main bronchus 
close to the carina showed invasion of cancer. Then a portion of trachea and the carina 
with adjacent part of the left main bronchus was resected. Closure was then made with 
interrupted and a continuous terminal suture of fine braided stainless steel. A pleural flap 
was sewn over the suture. The postoperative course was uneventful. 



Fig. 7.—Bronchography after the preoperative endoscopic coagulation of the adenoma in 

Case 2. 


In cases of bronchial adenoma the tumor with its extra- and intrabronchial 
portion can be cut out from the wall of the trachea or the bronchus and a 
plastic repair of the defect can be performed, see Cases 2 and 3. 

Case 2.—A 39-year-old woman was found to have a bronchial adenoma obstructing the 
right main bronchus and most of the left main bronchus. The patient was then breathing 
only with the right upper lobe through an abnormal bronchus originating in the trachea 2 cm. 
above the carina (see Fig. 6). 

After thirteen endoscopic electrocoagulations both lungs were areated. Bronchography 
showed the origin of the tumor in the right main bronchus and bronchiectasis in the right 
middle and lower lobe (see Fig. 7). 



bjork et al. : Open closure Of bronchus 


427 
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Fig. S.—Diagram of the resection of the right lower and middle lobes including the caiina 
and a small area of the left main bronchus in Case -. 



---i 

Fig. 9.—The right upper-lobe bronchus has been excised from the trachea. 
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aud a smil11 area of the left main bronehtw / ^ ~ ° "' er ° re,uoved to S ether with the carina 

iuul » continuous suture of fine iwi i ^ sco P, £- S). Closure was made by five interrupted 
eventful. ' UC,e<l st:u,1,PSS »teeL The postoperative course was on- 

Oasl 3.- ^ 44-vc'ir q| 

upper lobe. The right unner lnhe'n U<1 , a bronehiaI adenoma causing atelectasis of the right 

«“> earina. At operation 2 ri'ht , ‘ f ^ itS ° riffin fronl the at the level of 

the tracheal wall (see Fig. 9 ) ° PP 01 0 JC "as removed, its bronchus being excised from 

removal of the peripheral* bronebiaI closure is: (1) Dissection and 

blood supply and does not fth^ Ua , caidl)a ° 1,10l,s ™ig. Cartilage has a poor 
sutures of 0000 ‘ ' e pait 111 beahng. Sutures of braided stainless 

continuous Z Z^'llTTf‘4 < 3 > T1 '“ ■ 

is made (4) a i- to, P Dehnatel silk on a curved atraumatic needle 

Lobectomies n Plei,ml fla P is . se ™ over the bronchus, 
manner on the Hod,/. se ° m ® Ilta ^ re sections may be performed in the same 

the described open closure ^ ° f left pneumonectomies 

lung is liberated n„in •, e )lonc uis cannot be carried out. When the 
the catheter is withdraw ” T stl _ llctures dissected, the cuffs are deflated and 
bronchial secretion on tln/leVA ° centimete, ' s - Immediately beforehand the 
the proximo^, “ " 1S as P irated to Prevent spread. Afterwards 

machine and the it/t* 1 l einflat 1 ed » both hllllina connected with the anesthesia 

f “ USed aS a Sin8,e intratracheal tube. In the 

origin of the bronchus!* ^ ** ** W,thdrawn » a soft aortl 'c clamp is placed at the 

SUMMARY 

ever ^hTs ^ P ° SSibIe to cut throu ° h the bronchus when- 

venient to close it r Ulin ® 16 resectiou and to leave it open until it is con- 
the bronchus Res t•“ 2 1 ] ecessavy to a PP & a clamp on the proximal part of 
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THE AMERICAN ASSOCIATION FOR THORACIC SURGERY 
Thirty-Second Annual Meeting 
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Dallas, Texas 

Program 

Thursday Morning, May 8, 1952 
9:00 a.m. Business Meeting 
0:30 a.ii. Scientific Session 

1. Experimental Methods for Detection of Changes of Blood Supply to the 
Heart. 

Alfred Goldman, Clinton Shaw (by invitation), Eliot Corday (by in¬ 
vitation), Joshua Fields (by invitation), S. Rexford Kennamer (by 
invitation), Allen Smith (by invitation), Inga Lindgren (by invitation), 
and Myron Prinzmetal (by invitation), Los Angeles, Calif. 

2. Artificial Oxygenation and Circulation During Complete Bypass of the 
Heart. 

James A. Helmsworth. Roger T. Sherman (by invitation), Samuel Kap¬ 
lan (by invitation) and Leland C. Clark (by invitation), Cincinnati, Ohio 

3. Some Physiological Aspects of the Artificial Heart Problem. 

F. D. Dodrill, Edward Hill (by invitation) and Robert Gerisch (by 
invitation), Detroit, Mich. 

4. Technique of Producing Mitral Stenosis of Controlled Degree. 

Robert G. Ellison, Robert C. Major, Raymond W. Pickering (by in¬ 
vitation) and Win. F. Hamilton (by invitation), Augusta, Ga. 

5. Surgical Approach for Stenotic Lesions of the Semilunar Valves by Excision 
and Cusp Replacement under Direct Vision. 

Robert S. Litwak (by invitation), and Howard L. Gadboys (by invita¬ 
tion), Boston, Mass. 

(5. Experimental Pulmonary Venous Occlusion. 

C. Rollins Hanlon, David Sabiston (by invitation), and Donald E. Burke 
(by invitation), St. Louis, Mo. 

Thursday Afternoon, May 8, 1952 
2:00 P - SI - Scientific Session 

7. Localized Pibrous Mesothelioma of the Pleura. 

O. Theron Clagett, John R. McDonald (by invitation), and Herbert W. 
Schmidt (by invitation), Rochester, Minn. 

S. Resection of the Trachea for Carcinoma—Report of Two Cases. 

Bert H. Cotton and Joao K. F. Penido (by invitation), Beverlv Hills, 
Calif. 

9. The Surgical Treatment of Carcinoma Involving the Hypopharynx, Larynx, 
and Upper Esophagus. 

Orville F. Grimes (by invitation) and H. Brodie Stephens, San Francisco, 
Calif. 

10. A Consideration of Palliative Treatment with Direct Attacks upon Carci¬ 
noma of the Esophagus. 

Mark M. Ravitch, Henry T. Bahnson (by invitation) and Thomas N. P. 
Johns (by invitation), Baltimore, Aid. 
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11. A Pathologic Study of Large Tissue Sections of BroncHogenic Carcinoma. 

Edward J. McGrath and Edward A. Gall (by invitation), Cincinnati, Ohio 

12. The Use of Streptokinase-Streptodornase (Varidase) in the Management 
of Early Postoperative Partial Pulmonary Resections. 

C. Thomas Read (by invitation), Phoenix, Ariz. 

Friday Hominy, Hay 0, 1052 

9:00 a.m. Scientific Session 

13. Traumatic Aneurysm of the Thoracic Aorta. 

R. K. Hollingsworth and W. Johnston (by invitation), Martinsburg, 
West Virginia 

14. Healing of Extensive Cardiac Wounds. 

C. G. Thomas, Jr. (by invitation), Chapel Hill, N. C. and S. E. Ziffren 
(by invitation), Iowa City, Iowa 

15. Traumatic Hemopericardium and Constrictive Pericarditis. 

Johann L. Ehrenhaft and Rodman E. Taber, Iowa City, Iowa. 

10‘. Rupture of the Esophagus. 

Robert A. Anderson (by invitation), Tulsa, Oklahoma and George M. 
Curtis, Columbus, Ohio 

17. The Effects of Atelectasis on Pulmonary Arterial Blood How in Dogs. 

Richard M. Peters (by invitation) and Albert Roos (by invitation), 
St. Louis, Mo. 

IS. Surgical Management of Pulmonary Emphysema. 

Gerald L. Crenshaw (by invitation) and Donald P. Rowles (by invita 
tion), Oakland, Calif. 

Friday Afternoon, Hay 0, 1052 

2:00 p.m. Executive Session 
3:00 p.m. Scientific Session 

Address of the President —Frank B. Berry, New York, N. Y. 

19. The Care of Thoracic and Thoracoabdominal Wounds in the Combat Zone 
in Korea. 

Major Edward Ernest Rocky, M.C. (by invitation), A.P.O. San Francisco, 
Calif. _ . 

20. War Wounds of the Chest: Experiences with 1,535 Korean Casualities m 
an Army Hospital Overseas. 

Major A. R. Valle, M.C. (by invitation), Tokyo 
0:30 p.m. Cocktail Party —Baker Hotel. 

Saturday Horning, May 10, 1952 
9:00 a.m. Scientific Session 

21. Silicotic and Tuberculosilicotic Lesions Simulating Bronchogenic Carcinoma. 

Frederick G. Kergin, Toronto, Ont. 

22. The Elective Resection of Nodular Tuberculosis. 

D. O. Shields (by invitation) and John S. Chapman (by invitation), 
Dallas, Texas 

23. The Complications and the Results of Treatment of Bronchopleural Fistula 
Following Resection for Tuberculosis. 

James D. Murphy, Barney B. Becker (by invitation) and H. V. Swindell 
(by invitation), Oteen, N. C. 

94 Plastic Sponge Prosthesis Following Resection in Pulmonary Tuberculosis. 
Joseph W. Gale and Anthony R. Curreri, Madison, Wis. 
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25 . The Role of the Inferior Esophageal Constrictor in the Production of Lower 
Esophageal Disease. 

Earle B. Kay, Cleveland, Ohio 

26. The Delayed Restoration of Oral Alimentation in Children with an Eso¬ 
phageal Defect Remaining after Closure of a Tracheo-Esophageal Fistula. 

N. Logan Leven and Richard L. Varco, St. Paul, Minn. 

Saturday Afternoon, May 10, 1952 
:00 p.u. Scientific Session 

27. Surgical Treatment for Congenital Aortico-Pulmonary Fistula: Experi¬ 
mental and Clinical Aspects. 

H. William Scott, Jr., and David C. Sabiston (by invitation), Baltimore, 
Md. 

28. Pulmonary Function after Bilateral Multiple Segmental Resection for 
Bronchiectasis. 

Richard H. Overholt, Benjamin Etsten (by invitation) and James H. 
Walker (by invitation), Boston, Mass. 

29. The Indications For and the Results of Commissurotomy for Mitral Stenosis. 

Robert P. Glover, Thomas J. E. O’Neill, James M. Harris (by invitation) 
and 0. Henry Janton (by invitation), Philadelphia, Pa. 

30. The Cure of Two Aneurysms Associated with Patent Ductus with a Resume 
of Seventy Cases of Patent Ductus Surgically Treated. 

Emile Holman and Frank Gerbode, San Francisco, Calif. 

31. Anatomical (Histological) Basis and Efficient Clinical Surgical Techniques 
for the Restoration of the Coronary Circulation. 

Charles P. Bailey, R. C. Truex (by invitation), George Geekeler (by 
invitation) and Nicholas Antonius (by invitation), Philadelphia, Pa. 

32. Pulmonary Valvulotomy: Description of a New Operative Approach with 
Comments about Diagnostic Characteristics. 

Harris B. Shumacker, Jr., Indianapolis, Ind. 

Papers to be Read by Title 

1. The Use of Viomycin with Excisional Surgery for Pulmonary Tuberculosis. 

H. E. Walkup (by invitation), James D. Murphy (by invitation) and 
Oscar Kanner (by invitation), Oteen, N. C. 

2. Proposed Clinical Staging of Bronchogenic Carcinoma. 

F. X. Byron, Los Angeles, Calif. 

3. Trans-Cervical Superior Mediastinal Biopsy. 

Ralph Friedlander and Benjamin Burbank, Brooklyn, X. Y. 

4. Thoracoplasty and Resection for Pulmonary Tuberculosis: Follow-up of 
229 Patients Treated by Posterior Thoracoplasty, by Resection or by 
Thoracoplasty and Resection. 

F. A. Hughes, Jr., C. C. Lowry (by invitation) and J. W. Polk (by 
invitation), Memphis, Tenn. 

o. The Results of Thoracoplasty for Pulmonary Tuberculosis Eleven to Sixteen 
Years after Operation. 

Arthur H. Aufses and Maurice S. Harte (by invitation), Xew York, X. Y. 

6. Personal Experiences with 10 Consecutive Heart Wounds Treated Success¬ 
fully by Pericardiotomy and Cardiorrbaphy. 

Emil A. Xaclerio (by invitation), Aubre De L. Maynard (by invitation) 
and John W. V. Cordice (by invitation), Xew York, X. Y. 

7. Simultaneous Resection and Thoracoplasty for Tuberculosis. 

Janies E. Dailey, Houston, Texas 
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S. Pulmonary Tuberculosis—A Comprehensive Analysis of 470 Cases of 
Excisional Surgery Operated upon at Sea View Hospital Between 1944 
and 1951. 

Louis R. Davidson, Hyman Alexander (by invitation), Bernard J. Kesner 
(by invitation) and Gerald J. Lustig (by invitation), Hew York, N. Y. 
0. Pulmonary Diestention as Seen in the Lordotic Roentgenogram. 

Joseph Gordon and W. Berkeley Zinn (by invitation), Ray Brook, N, Y. 

10. Intrapulmonary Hematoma. 

Colonel John AT. Salyer (by invitation), Lt. Col. Robert C. Major, Major 
Hu A. Blake (by invitation) and Col. Janies H. Forsee, Denver, Colo. 

11. Chest Wall Pain. 

E . K . Johnson and J. L . Mangiardi (by invitation), Brooklyn, N. Y. 

12. The Use of Suture Constriction of the Upper Lobe in the Treatment of 
Pulmonary Tuberculosis (Paulino Procedure). 

Paul T. DeCamp, John W. Overstreet (by invitation), Thomas G. Baffes 
(by invitation) and Alton Oehsner, New Orleans, La. 

13. The Diagnosis of Functionally Severe Patent Ductus Arteriosus in Infancy 
and Early Childhood. 

F. Mason Sones, Jr. (by invitation) and Donald B. Effler, Cleveland, Ohio. 

14. Major Thoracic Surgery in Patients over Seventy. 

William L. Watson, William G. Caban (by' invitation) and Dorothy P- 
Reaves (by invitation), Now York, N. Y. 

15. Value of Scalene Node Biopsy. 

Lawrence M. Sliefts, San Antonio, Texas 
10. The Present Status of Bronchography with Absorbable Water-Soluble Media. 
Mordant E. Pack (by invitation), A. J. Neerken (by' invitation) and 
Emanuel Salzman (by' invitation), Denver, Colo. 
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AX ANATOMIC SURVEY OF ANOMALOUS PULMONARY VEINS: 

THEIR CLINICAL SIGNIFICANCE 

•John E. Healey, Jr., M.D. 

Philadelphia, Pa. 

TT IS only in recent years that attention has been focused on the anatomic 
1 variations and anomalies of certain thoracic structures. This increased 
interest in the variational anatomy of the thorax is but a sequel to the great 
advances that have been made in the field of thoracic surgery. Thus, of the 
total number of anomalous nulmonary veins found recorded in the literature, 
fully 43 per cent have been recorded within the last twenty' years. In 1942, 
Brody 3 presented an excellent review of the literature on the abnormal con¬ 
nections between the pulmonic and systemic venous systems. Beginning his 
review with the first case reported by Winslow 22 in 1739, he collected from the 
literature a total of 106 eases. In 1944, Hughes and Rumore’ 4 cited seven 
additional eases which were not listed by Brody in his survey. In our own survey, 
tve found nine other c-ases reported in the literature prior to 1942 and twenty- 
two eases which have been reported since then. Adding all cases reported in 
the literature to the three cases presented in this paper brings the total number 
01 anomalous pulmonary-systemic connections thus far recorded to 147 cases. 

In view of the existence of other anatomic- variations, it is quite obvious 
that the incidence of anomalous pulmonary veins is actually higher than that 
which ts suggested by the relatively few cases ! 147i reported over a period of 
two Hundred wears. Cndoubtedlv rnanv additional cases have been observed 
wiring me coarse of two centuries, but because of lack of interest were not 
veportect. The .sigrdneanee of aberrant pa 1 monary-syertem5c connections has 
mrey r,een emphasized in trie past. Variations in the number of pulmonary 
\ eiES cccurred with such frequency that Irt.ey did not merit mention in the 
literature, except when they were accompanied by an anomalous drainage of 
J * of :.ne vetns. .Vs far as we could ascertain, a stattsttcal analysis of 

- ~ ot tn.e pnwn.on.ssy vents jn a large .seres of oases las thus far not 
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been made. Therefore, one cannot come to a definite conclusion as to tlieir 
incidence. The purpose of this paper is to present our observations in the 
dissection of 251 adult cadavers, to correlate these findings with pertinent data 
attainable from the literature, and briefly to review the clinical significance 
of anatomic variations of the pulmonary veins. 

Poii’ier and Charpy 19 classified the variations of the pulmonary veins into 
two types: (1) abnormal number of pulmonary veins, and (2) abnormal drain¬ 
age of the pulmonary veins, i.e., abnormal connections between the pulmonic 
and the systemic venous systems. The latter were subdivided into (a) complete 
drainage, and (b) incomplete drainage of the pulmonary circuit. In this paper 
Cluirpy’s classification is retained but is modified as follows: 

I. Abnormal number of pulmonary veins 

a. Decrease in number 

1. Normal drainage into left side of the heart 

2. Abnormal drainage into right side of the heart 

b. Increase in number 

1. Normal drainage into left side of the heart 

2. Abnormal drainage into the right side of the heart 

3. Mixed drainage 

a. Into left side of the heart 

b. Into right side of the heart 

II. Abnormal drainage of the pulmonary veins 

a. Complete drainage of the pulmonary circuit into the right side of the heart 

b. Incomplete drainage of the pulmonary circuit into the right side of the heart 

ABNORMAL NUMBER OF PULMONARY VEINS 

Only a few statistical reports on the variations of the number of pulmonary 
veins can be found in the literature. In textbooks of anatomy, all authors 
describe two left and two right pulmonary veins emptying into the left atrium. 
Many variations are possible, and undoubtedly occur more frequently than is 
generally known. 

The most common variation observed is the presence of a common pulmonary 
vein on either the right or left side (Fig. 1). Adachi, 1 in an examination of 
ninety-one cadavers, encountered eleven cases (12.1 per cent) having a common 
pulmonary vein; whereas, Healey and Gibbon 13 found fifty-two cases in 185 
adult cadavers. Since publication of the latter report we have found eight 
additional cases in sixty-six bodies. Adding the cited figure given by Healey 
and Gibbon gives a total of sixty cases in 251 specimens (23.9 per cent) m 
which a common pulmonary vein was present. The three cases with a common 
vessel as described by Brantigan 4 do not lend themselves to' a statistical study, 
for they were observed in an unspecified number of operative procedures. In 
eacli of the above described specimens the common pulmonary vein drained into 
the left atrium. However, there have been thirty eases reported in which a 
common pulmonary vein emerging from either lung drained into the rigid 
side of the heart, either directly or indirectly. 

A common pulmonary vein may then be present on either the right or 
left side and may drain into either the right or left atrium. The earlier writers, 
such as Poirier and Charpy 19 state that such a common vein is not at all 
uncommon on the left side. Our dissections confirm this statement, for in 251 
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specimens we found fifty-three such vessels oil the left side and only seven on the 
right side. The three eases mentioned by Brantigan occurred likewise on the 
left side. However, of tlie eleven common pulmonary veins de^ciibed y 
Adac-hi, six were on the right side and five were on the left side. Of the thirty 
eases surveyed in the literature, each with an abnormal site of diainage, 
twenty were on the right side and ten on the left. 

The next most common variation of the pulmonary veins is an inciease in 
their number. There may be three veins from either lung entering the left 
atrium, but again few such eases have been reported. In our dissections this 
variation occurred more frequently on the right side, a separate vein being 
present for eaeh lobe (Fig. 2). The additional vessel when present is known 
as the middle pulmonary vein. Adac-ki found three such \essels on the light 



Fig. l.—LeU common pulmonary vein. (Repro-luced from J. Tkohacic Su^g. 19 : S 04 -ST 4 , 

1350.) 

side in 150 dissections (2.0 per cent). AVe have seen four right middle 
pulmonary veins in 251 bodies examined, an incidence of 1.6 per cent. 
Brantigan described two cases observed at operation in which three pulmonarv 
'tins were present on the right side and emptied into the left atrium. Four 
other cases have been reported in the literature in which three veins were 
present on the right side, but in each of these specimens at least one of the 
veins drained aberrantly. As regards the left side, Adachi encountered three 
separate pulmonary veins on two occasions while examining eighty-nine bodies 
_ “ P er cent;. A specimen with three left pulmonary veins entering the left 

atrium was not observed in our dissections. 
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When.more than three veins are present on one side, one or more of them, 
in most instances, exhibit an anomalous drainage. Such cases are relatively 
rare. Atkinson and associates^ described a case in which four right pulmonary 
veins were present, two of which drained into the superior vena cava. Didion 10 
encountered a case in which four veins were present on the right side, but all 
of these entered the right atrium. Two cases have been reported in the 
literature in which five veins drained the right lung, and in both of these cases 
four of the veins drained into an abnormal site. Hyrtl 10 described a case in 
which the left upper lobe was drained by six veins, each vein emptying into a 
persistent left superior vena euva. 

llie variations in the number of pulmonary veins are easily explained on 
the basis of embryologic development. Primitively, a single pulmonary vem 
drains both lungs. With the growth of the left atrium it becomes absorbed into 
the latter; so that at first one, then two, and finally four pulmonary veins empty 
into the left side of the heart. Should less than the normal amount of absorption 
take place, then a common pulmonary vein will be formed on one side or on the 
other. If more than the usual amount of absorption takes place, there will be 
an increase in the number of pulmonary veins. 

ABNORMAL DRAINAGE OF THE PULMONARY VEINS 

The entire pulmonary circuit may drain into the right side of the heart, 
either directly or indirectly. Sixty-one such cases have been reported in the 
literature. The most frequent sites of drainage of these anomalous vessels are 
,sliown in Table I. The average age of all the reported cases is 1.8 years; 
however, four of these survived beyond the age of 10 years, the oldest being 27 
years. Excluding these four cases, the average age drops abruptly to 5.S 
months. Survival in these cases is only possible if some form of communication 
between the right and left sides of the heart persists. Of the sixty-one cases, 
eleven lived beyond the age of 1 year. In the eleven cases, six had a patency 
of the foramen ovale, two had a patency of the ductus arteriosus, two had a 
single atrium, and one had an interatrial septal defect. 


Table I. Sites of Drainage of Anomalous Pulmonary Veins 


COMPLETE DRAINAGE 


PER 

INCOMPLETE DRAINAGE 


1 PER 

(61 CASES)- 

NO. J 

CENT 

(86 CASES) | 

NO. J 

CENT 


Coronary sinus 
Right atrium 
Portal vein 
Left innominate vein 
Left superior vena cava 
Ductus venosus 
Right innominate vein 
Single atrium 
Left subclavian vein 
Azygos vein 

Sinus venosus _ 


Total 


10 

15,9 

Superior vena cava 

33 

10 

15.9 

Left innominate vein 

19 

10 

15.9 

Right atrium 

18 

9 

14.3 

Left superior vena cava 

7 

8 

12.7 

Inferior vena cava 

4 

7 

11.1 

Azygos vein 

3 

3 

4.7 

Coronary sinus 

2 


3.1 

Single atrium 

2 

1 

1.6 

Left subclavian vein 

i 

1 

1.6 

Portal vein 

i 

1 

1.6 

Left ventricle 

i 

1 

1.6 

Thoracic duct 

i 

63* 

100.0 

Total 

921 


•Two cases had tw 
|Six cases had two 


o different sites of drainage, 
different sites of drainage. 


20.6 

19.6 

7.6 

4.3 

3.3 
2.2 
2 2 
LI 
1.1 
1.1 
1.1 


100.0 
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There may be a,, incomplete drainage of the pulmonary circuit into the 
systemic venous system, and of tins type eighty-six cases ia\e ^ 

ineluding the three reported in this paper. These cases differed both m ie a 
to the portion of the lung drained, and to the site of entrance of the anoma ous 
vessel. In thirty-three of the eighty-six eases complete drainage of one lu 
was present (the right lung in twenty-two and the left lung m eleven instances) 
Anomalous drainage of a portion of one lung has been reported in legaic 
all lobes except the left lower lobe. The most frequent lobes involved were the 
right upper lobe (thiry-three cases) and the left upper lobe (twenty-two 
eases). The most frequent sites of drainage were into the superior vena cava 
(thirty-three cases), left innominate vein (nineteen cases), and the right atrium 
(eighteen cases) (Table I). Of the seventy cases in which the age was recorc ec, 

77 per cent had reached maturity. 



Fig. 2.—Three right pulmonary veins. 


Table II. Incidence of Anomalous Pulmonary-Systemic Connections 


AUTHOR 

| TOTAL BODIES ! 

| (NUMBER) 

ANOMALOUS 1 

VESSELS 1 

[ (NUMBER) 

PER CENT 

Adachi 

", ft i,;; 

2 

0.7 

Hughes & Rumore 

2S0 

2 

0.7 

Healey Sc Gibbon 

251 

i 

0.4 

Total 

SOI 

5 

0.62 


Adaelii encountered two cases with a partial drainage of the pulmonary 
circuit into the systemic system in 270 cadavers. Hughes and Rumore described 
two cases in 280 dissections, an incidence of 0.7 per cent in both series (Table 
II). In our studies of 251 bodies we found one instance (0.4 per cent) of an 
anomalous drainage of the pulmonary veins. Since then we have observed two 
additional cases. A report on the three eases observed may be briefly outlined 
as follows: 
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Case 1.—*The anomalous pulmonary drainage occurred in a white man 65 years of 
ago whose clinical history was unobtainable and the cause of death unknown. Upon opening 
the thorax, a large vein was seen ascending in the superior mediastinum. This vein received 
tributaries from all segments of the left upper lobe including the lingular division. It 
ascended over the anterior aspect of the left pulmonary artery', lying parallel with the 
ductus arteriosus; thence it ran over the anterior surface of the aortic arch and terminated 
by emptying into the left innominate vein 3.5 cm. from its entrance into the superior vena 
cava. As a trunk, the anomalous vein measured 3.2 cm. in circumference (Fig. 3). 

The left inferior pulmonary vein which drained the lower lobe emptied normally into 
the left atrium. Aside from the presence of a patent ductus arteriosus which measured 1.4 
cm. in circumference, no other congenital abnormalities of the heart could be distinguished. 


RIGHT 
SUPERIOR VENA CAW 

AORTA 

DUCTUS ARTERIOSUS 

RIGHT AURICLE 


LEFT MMTE VEIN 



LETT 

PULMONARY ARTERY 

LEFT INFERIOR 
PULMONARY VEIN 


HEART 


/ 


LEFT-SUPERIOR 
PULMONARY VEIN 

LEFT UPPER LORE . 
LEFT BRONCHUS 


LEFT LOWER LOBE 


Fig. 3 .—Anomalous vessel found in a dissected specimen. Left superior pulm nrnia i path 
drains into the left innominate vein. The left inferior pulmonary vein follows its n ,950.) 
of drainage into the left atrium. (Reproduced from J. Thoracic Surg. 19 : sbi- • 


Case 2.-—The anomalous vessel in this case was found in a 40 -year-ohl white man. 


It 

left 


The 


drained the entire left upper lobe and coursed cephalad anterior to the bronchus, 
pulmonary artery, and arch of the aorta. It terminated in the left innominate vein 
from the point where the latter joined the superior vena cava, and measured 4.8 cm. 
circumference (Fig. 4). 

The left inferior pulmonary' vein was present and drained into the left atrium, 
ductus arteriosus and foramen ovale were both completely sealed off. 

Case 3. —The following ease of an anomalous drainage was seen in an adult m ^ 
cadaver. The left upper lobe was drained by a left superior pulmonary vein, but ins ea 
emptying into its normal site this vessel took an aberrant course, ascending into the super 
mediastinum. In this part of its course it was joined by two vessels; (a) the superior 
intercostal vein of the left side, and (b) a vein which coursed anterior to the pulmonary ar e 
and extended caudad into the vestigial fold of Marshall. This latter vein, however, was no 
continuous below with the oblique vein of the left atrium, and therefore, was not a comp 1 e '® 
persistence of the left superior vena cava. The three vessels observed, namely the e 
superior intercostal, the remnant of the left superior vena eava, and the left superior pulmo 
nary vein joined to form a single trunk which entered the left innominate vein (Fig. 5). 

«This case was briefly mentioned by Healey and Gibbon in J. Thoracic SURG. 19 • 
864, 1950. 
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Case 1. 'The anomalous pulmonary drainage occurred in a white man 65 years of 
age whose clinical history' was unobtainable and the cause of death unknown. Upon opening 
the thorax, a large vein was seen ascending in the superior mediastinum. This vein received 
tributaries from all segments of the left upper lobe including the lingular division. It 
ascended over the anterior aspect of the left pulmonary artery, lying parallel with the 
ductus arteriosus; thence it ran over the anterior surface of the aortic arch and terminated 
by emptying into the left innominate vein 3.5 cm. from its entrance into the superior vena 
cava. As a trunk, the anomalous vein measured 3.2 cm. in circumference (Fig. 3). 

The left inferior pulmonary vein which drained the lower lobe emptied normally into 
the left atrium. Aside from the presence of a patent ductus arteriosus which measured 1.4 
cm. in circumference, no other congenital abnormalities of the heart could be distinguished. 


RIGHT INNOMINATE l/EIN 
SUPERIOR VENA CAVA 

4 OR.T/1 

DUCTUS ARTERIOSUS 
RIGHT AURICLE 
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Fig - . 3.—Anomalous vessel found in a dissected specimen, 

drains into the left innominate vein. The left in*''-*'-- -" 1 - 

of drainage into the left atrium. (Reproduced 


LEFT LOWER LOBE 


sectea specimen. Left superior pulmonary 
inferior pulmonary vein follows its normal Pj* 
id from J. Thoracic Surg. 19: 864-874, 


Case 2.—The anomalous vessel in this case was found in a 40-year-old white man. It 
drained the entire left upper lobe and coursed cephalad anterior to the bronchus, left 
pulmonary artery, and arch of the aorta. It terminated in the left innominate vein 5 cm. 
from the point where the latter joined the superior vena cava, and measured 4.8 cm. 
circumference (Fig. 4). 

The left inferior pulmonary vein was present and drained into the left atrium. The 
ductus arteriosus and foramen ovale were both completely sealed off. 

Case 8 . The following case of an anomalous drainage was seen in an adult male 
cadaver. The left upper lobe was drained by a left superior pulmonary vein, but instead of 
emptying into its normal site this vessel took an aberrant course, ascending into the superior 
mediastinum. In this part of its course it was joined by two vessels; (a) the superior 
intercostal vein of the left side, and (b) a vein which coursed anterior to the pulmonary arterj 
and extended caudad into the vestigial fold of Marshall. This latter vein, however, was not 
continuous below with the oblique vein of the left atrium, and therefore, was not a complex 
persistence of the left superior vena cava. The three vessels observed, namely the left 
superior intercostal, the remnant of the left superior vena cava, and the left superior pulmo¬ 
nary vein joined to form a single trunk which entered the left innominate vein (Fig. 5). 

♦This case was briefly mentioned by Healey and Gibbon In J. Thoracic SURG. 1 9: 
864, 1950. 
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SIGNIFICANCE OF ANOMALOUS PULMONARY VEINS 

Abnormalities in the number of puLmonary veins are of little clinical sig¬ 
nificance. Surgically, like abnormalities elsewhere in the body, one should be 
cognizant of these variations. "When the veins are reduced iu number, as in 
the ease with a common pulmonary vein, the operative procedure may be 
simplified. The presence of multiple venous channels, however, may add further 
difficulties to an already tedious operative procedure. 

Anomalous pulmonary-systemic connections do have important clinical sig¬ 
nificance at present, and may have even more in the future. When there is a 
complete drainage of the pulmonary circuit into the systemic system, the clinical 
picture, according to certain investigators, may be quite typical. The fact that 
an actual diagnosis of this condition during life has been made in only one 


(A) Splonchn ic 



(B) Cardinal Veins 
(caval system) 


Left Atrium 


Right Atrium 


stem in 


J 

>& 6. Diagrammatic representation of the connections of the puimunarv vennne 

the embryo. (See text for explanation.) * ' 

instance 2 " shows clearly that the anomaly has not been sufficiently emphasized in 
I e past - Iu the near future, further c-ases will undoubtedly lie detected with 
the aid of modern diagnostic methods of cardiac catheterization and an-no 
cardiography. By these means, one may detec-t certain changes which "are 
eonmionlv encountered in this malformation, such as a high oxvuen saturation 
i the blood m the right atrium compared with a decreased saturation of the 
P«, P „er„l Wood. „„ increased right atrial pressure, a]1 i‘"h e “iL 1 

httNN, ' “ ' he l " :un ond “ ■“»'»>»» of the superior vena c-ava (the 
atter will occur, of course, only if the anomalous vessel drains intn th . - 

vena cava or its tributaries). Electrocardiographic studies exhibit a 
deviation. With all of these changes there is usuallv lirtll l - lght axls 

u * len — * — —1—• 



440 


THE JOURNAL OF THORACIC SURGERY 


The embryology underlying the anomalous connections between the pulmonic 
and systemic venous systems has been discussed by many investigators. Brown, 6 
in a study of the development of the pulmonary veins, described a plexus oi 
capillaries surrounding the intestinal tract of the embryo which he termed the 
“splanchnic plexus” (Fig. G.M). The cephalic portion of this capillary net¬ 
work drains into the anterior cardinal veins; the caudal portion drains into the 
posterior cardinal veins and the omphalomesenteric veins (Fig. G,F). These 
latter veins are destined to become the unpaired portal vein. 

With the development of a phylogenetieally newer structure the lung 
bud—a secondary plexus develops as an extension from the cephalic portion of 
the splanchnic plexus. This pulmonary plexus (Fig. 6,C) will have connec¬ 
tions, therefore, with the splanchnic plexus, the cardinal veins, and the 
omphalomesenteric veins. The capillaries of the pulmonary plexus coalesce to 
form a longitudinal vein lying at the ventral pole of the pulmonary anlage. 
This vein passes through the dorsal mesoeardium to open into the sinus venosus 
cephalad to and between the ducts of Cuvier. This common pulmonary vein 
will give rise to the four pulmonary veins found in the adult which entei t ie 
left atrium (Fig. 6,Z)). Most connections between the primary or splanchnic 
plexus and the secondary or pulmonary plexus are usually obliterated; as we 
as the connections between the latter and the cardinal and omphalomesenteric 
veins. Theoretically, any of these vascular channels may persist after bnti. 

Pertinent here are the observations of Zuckerkandl 23 made in 1881. 11 

vestigating the relationship of the pulmonary with the systemic venous system J 
injecting the pulmonary veins with a colored mass, he noted that the co oie 
mass filled not only the pulmonary veins, but also the bronchial veins am 
through these the azygos, hemiazygos, and the mediastinal network of veins, a 
of which are derivatives of the cardinal veins. He claimed, therefore, t a 
certain of the connections of the pulmonary plexus in the embryo, as descii ec 
previously, may normally persist in the adult. The extent of these anastomotic 
channels in the adult varies with the individual; but regularly the pulnionaij 
veins anastomose with the mediastinal plexus. The anomalous pulmonaij 
systemic connections reported in this paper may accordingly be regarded as an 
overgrowth of one of the normal connections as described by Zuckerkandl ( V 
6 ,E), with a corresponding underdevelopment in the pulmonary plexus wheic 


the pulmonary vein in question should normally develop. 

In many instances the pulmonary veins are normal in position at the liilus 
of the lung, yet enter the right side of the heart instead of the left. This maj 
readily be explained on an embryologic basis. As previously mentioned, t ie 
original single pulmonary veins drains into the sinus venosus. With the dis¬ 
placement of the sinus to the right, the pulmonary orifice empties into the left 
portion of the primitive atrium just to the left of the left sinus valve. T ie 
formation of the interatrial septum definitely assigns the opening of tl' e 
pulmonary vein to the left atrium. In an abnormal developmental procedure, 
the pulmonary orifice may be shifted to the right and thus account for main 
of the cases of aberrant drainage of the pulmonary veins into the coronary sinus, 
rio-ht atrium, superior vena cava, and inferior vena eava. 
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SIGNIFICANCE OF ANOMALOUS PULMONARY \EI-‘S . I gja- 

Abnormalities in the number of pulmonar} %eins die should be 

nificance. Surgically, like abnormalities £ mmier , as to 

cognizant of these variations. When tie ' e rative procedure may be 

the ease with a common pulmonary vein, however mav add further 

simplified. The presence of multiple venous channels, hoveier, . 

difficulties to an already tedious opeiatne pioce u . . clinical sig- 

Anomalous pulmonary-systemic connections c o ™ When t h er e is a 

nificance at present, and may have even ” 101 ® 11 te mic system, the clinical 

complete drainage of the pulmonary circui in tvpical. The fact that 

picture, according to certain investigators, • ma de in only one 

an actual diagnosis of this condition during lite has 



instance- shows clearlv that the anomaly has not been sufficiently emphasized m 
the past In the near future, further cases will undoubtedly be detected with 
the aid of modern diagnostic methods of cardiac catheterization and angio¬ 
cardiography Bv these means, one may detect certain changes which are 
commonly encountered in this malformation, such as a high oxygen saturation 
of the blood in the right atrium compared with a decreased saturation of the 
peripheral blood, an increased right atrial pressure, an increase in the size of 
the right side of the heart, and a dilatation of the superior vena cava (the 
latter will occur, of course, only if the anomalous vessel drains into the superior 
vena cava or its tributaries). Electrocardiographic studies exhibit a right axis 
deviation. With all of these changes there is usually little or no cyanosis, except 
when accompanied by other congenital anomalies. Because of the pulmonary 
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congestion which frequently occurs due to increased pulmonary circulation, 
these cases are often interpreted as pulmonary disease rather than cardiac m 
origin. The recirculation also places extra strain upon the right side of the 
heart leading eventually to a right-sided heart failure. 

As previously stated, the average age of the majority of these cases was 5.8 
months. An operative correction of this deformity to prolong the life of 
children afflicted with it would certainly be a beneficial one, but thus far such 
a procedure has not been devised. 

In cases where there is an incomplete drainage of the pulmonary system 
into the systemic system, the clinical signs are by no means typical. Indeed, 
a case may be asymptomatic depending upon the percentage of pulmonaij 
tissue thus drained. Hughes and Rumore 14 claim that if less than 50 per cent 
of the pulmonary circuit drains into the right side of the heart, life to adulthoot 
is possible. Those cases of incomplete drainage which are symptomatic maj 
also be corrected surgically. There is only one report in the literature whic i 
was reviewed by us, in which there was an attempted surgical correction of this 
malformation, and this was by ligation of the anomalous vessel. This attempt, 
however, was not successful. Brantigan 4 suggests either removal of that 
portion of the lung drained by the anomalous vessel, thereby preventing a 1 ^ 

sided heart failure, or better, the malformation may be corrected by anastomosing 
the anomalous vessel to the left atrium either directly or indirectly. 

Aside from the fact that incomplete drainage of the pulmonary into t e 
systemic venous system may give rise to clinical signs and symptoms, it ms 
importance in other ways. Many investigators have emphasized the high m 
cidence of pulmonray disease in lungs which possess certain congenital anoma ies. 
Conant and associates 8 described a case in which a patient had tubercu osis 
of the left lung. This lung was drained by a common vein which emptied m o 
the left innominate vein. The functional value of this lung was reduced no 
only by the disease present, but, in addition, by the anomalous drainage o 
this lung into the systemic system which also increased the work load upon t ie 
right side of the heart. "When spread of the disease process to the right un D 
occurred, death shortly ensued. 

Such anomalous connections have surgical importance as well. For examp e, 
failure to recognize the drainage of a superior pulmonary vein into the systemic 
venous system might prove fatal when both lower lobes are removed for bion 


cliiectasis. 

Within the past two years, sixteen cases have been reported by 11111 
different authors 2 - 7 - 9 - 14 > 12 - 1S - 17 - 18 - 21 in which anomalous pulmonary veins were 
diagnosed during life by means of cardiac catheterization, angiocardiography, 
and roentgenographic methods. All of these cases exhibited an incomp etc 
drainage of the pulmonary circuit. It still remains for us, however, to diagnose 
those more important eases in infants having complete drainage of the pulmonaiy 
veins into the right side of the heart. Neverthless, these recently repor e 
cases illustrate the fact that anomalous pulmonary veins can be diagnosed m 
living individuals, and offer assurance that they will be diagnosed more ie- 
quently in the future than they have been in the past. 



HEALEY: ANOMALOUS PULMONARY VEINS 




SUMMARY 

1. A general anatomic survey of anomalous pulmonary veins _is 
cases previously reported in the literature have been elassrSed, and then 

Three eases of anoinalous-pulmonary-systemic connections observed by 

the author are described. . 

3. The clinical and surgical significance of anomalous pulmonary veins 

briefly discussed. 

addendum 

Since submitting this paper, wc have observed one ease exhibiting 
drainage of the pulmonary veins into the right sole of the heart an > drainage 

ditional cases from the literature. In regard to the incomplete ype o n . ’ 

we have seen two cases and found two others reported within thepast year. ^ In addition, 
twelve cases have been recorded which were diagnosed during li e y me 
catheterization and/or angiocardiography. 
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BRONCHOGRAPHY IN BRONCHIAL CANCER AND 
COLLATERAL VENTILATION 

Eelco Huizinga, M.D. 

Groningen, Holland 

The following three case histories are of practical and theoretical im¬ 
portance. 

Case 1.—A man, aged 50 years, liad been troubled with a bad cough five months previous 
to examination. His complaints completely disappeared, but three months pre\ iousl\ he had 
felt a slight pain in the right side of his chest. He did not expectorate any blood. He felt 
tired, had little appetite, and lost 3 kilograms in weight in a few months time. For this 
reason his physician sent him to the tuberculosis center. On examination, percussion and 
auscultation of the chest revealed no anomalies. A roentgenogram taken at this time showed 
an obvious anomaly, viz., an irregular shadow around the right liilus. 

From the plauigrams of the chest it appeared that the shadow around the liilus con¬ 
sisted of a conglomeration of globular shadows. On a section 1(5 cm. from the back, the 
impression was that the anterior side branch of the upper-lobe bronchus on the right, which 
lay within this mass of shadow, was completely occluded. 

For bronchography the right side only was filled with 10 c.c. of lipiodol. The three 
usual photographs were taken, the dorsoventral one, the lateral one, and the oblique one. 
On all three photographs a stop was visible in the anterior side branch of the upper-lobe 
bronchus. Fig. 1 shows the dorsoventral photograph. The shadow around the liilus im- 
mediatelv strikes the eye. The right upper-lobe bronchus looks slightly compressed. The stop 
in the anterior side branch ( 3 ) is indicated by an arrow. Fig. 2 is the lateral photograph. 
On this one, too, the shadow is clearly visible. The anterior side branch is completely absent 
on this broncliogram, whereas all other side branches are well filled. Further toward the 
periphery in the anterior segment of the upper lobe not a sign of a shadow is visible. 

When bronchoscopy was performed the right upper-lobe bronchus was immediately aimed 
at. The spur of the upper-lobe bronchus seemed slightly thickened. With the telescope the 
bifurcations were visible. The entrance of the anterior side branch was considerably swollen. 
The secretion was removed by suction for bacteriologic and cytologic examination (Keuning’a 
opinion was: suspected carcinoma). Next the upper-lobe bronchus was focused at its 
maximum. With the curette, some tissue from the anterior side branch was removed. The 
microscopic diagnosis (Vos) was: carcinoma solidum. After complete functional examina¬ 
tion in the internal clinic (Orie), pneumonectomy was performed by Eerland with favorable 
results to the present time. During the operation many carcinomatous glands were found 
near the liilus, which were also removed as far as visible and palpable. 


A few points from this case history deserve closer consideration. A strik¬ 
ing feature is the vague anamnesis. The complaints of pain in the chest were 
the most preponderant ones. This is a symptom that we have also often seen 
in cases of bronchial carcinoma. In this patient it was probably due to irritation 
of the pleura. 

From a bronchologic point of view, two points are of special importance 
This p atient is a typical example of the success of what we nowadays call- 
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directed bronchoscopy. On the grounds of a localization, accurately determined 
by x-ray examination (planigraphy and bronchography) a certain bronchus is 
directly aimed at, and here some tissue is blindly removed by means of a curette. 
This directed bronchoscopy, as also indicated by Soulas and Yersteegh from 
Bronkhorst’s Utrecht school, is an important addition to the diagnostics. In a 
large number of cases of bronchial carcinoma the bronchoscopy is very simple. 
The tumor is immediately visible, and biopsy can easily be performed. Diffi¬ 
culties arc chiefly met with when the localization is in the upper lobe an 



Fig. 1.—Case' 1. Dorsoventral bronchogranv right side. 


more toward the periphery in the middle and lower lobes. In these cases o ^ 
can reach further in this way. As a rule we perform this blind biopsy u 1 1 
small curette. Its importance is sufficiently clear from the results o ain 
from a continuous series of. 160 patients with bronchial carcinoma seen m 1 
clinic during the last few years. 


Total number of patients 
Bronchography 
Bronchoscopy 
Microscopy + 

Biopsy + 

Curettage + 


100 

no 

154 

123 — 80 per cent 
106 
17 
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As appears from these statistics, bronchoscopy was performed on^ nearly 
all patients. In six cases the diagnosis could also be established with cettamty 
without it, e.g., by means of an excision from supraclavicular g anc n 
patients bronchography was performed. This is chiefly done lot two 
First with an eve to the : ' directed bronchoscopy.’’ For this reason rone mg 
phy is usually performed before bronchoscopy. Second, the broneliogram otten 
sltows various anomalies, that are sometimes of gieat importance, e -^-y 
termining the operability. The second case death demolish a es ils 



The result that in SO per cent of these eases it was possible to establish a 
certain diagnosis by means of bronchoscopy is very satisfactory. This high 
percentage was also found of late years at Utrecht by Yersteegh and Swierenga 
and. among others, by Ilolinger and tioulas. This is only due to the improved 
technique of the last few years. Until recently the usual percentages given 
were 00 to 60 per cent. It appears that an important addition is fur nish ed by 
the blind biopsy, IT times on 123 patients. It seems fairly certain that this per¬ 
centage will not increase in the future, on the contrary, it will decrease. Latelv 
we see more and more difficult cases with tumors in the periphery. This is 
chiefly a result of the ever-increasing group fluoroscopy of the population of 
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Holland. Fortunately, we now have cytology at our disposal, which was intro¬ 
duced into bronchology by Clerf and Ilerbut. The Groningen results are in 
the main very good, thanks to the cooperation with the histologist Keuning. 
In these cases it is also important to perform directed bronchoscopy in order 
to remove the secretion from the suspect bronchus. 

In a quite different respect this ease is also important. The shadow, visible 
in the right half of the chest, is completely caused by the tumor and the metas- 
tases in the hilar glands. There is no shadow as a result of anomalies in the pul- 



Fig". 3.—Case 2. Dorsoventral bronchogram, right side. 


monary tissue of the anterior segment of the upper lobe. This fact is remarka¬ 
ble. A big side branch completely, or nearly so, occluded has still not resulted 
in atelectasis. In these cases the possibility should always be taken into account 
that ventilation is still possible alongside the obstruction. This fact was called 
attention to by my friend Bronkhorst by a demonstration of two evident cases. 
Personally, I have always seen atelectasis in cases of a complete stop of a main 
or lobar bronchus. Atelectasis was often seen even when lipiodol did still pass 
through the stenosis. So this is just the reverse. It is more plausible to explain 
the fact that an occluded part of the lung contains air, by ventilation by way 
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of the pulmonary tissue from out of the other segments ot the J 

is collateral ventilation, to which partieular attention has been ^ 
ingen. thanks to the cooperation of Divken4 It was first described by van A1 

and his collaborators. 2 

Case 2.-A -nan. aged 50 year, had had las eomp I**, i .ora" on S 

had a bad eough. The internist found no anomahes when e X am h p .“ ^ dfiarl , 

roentgenograms he found a broadened lulu, P“ r ^ of ° he lower” lobe, the space 

shows this shadow. But there is no shadow m V 



between heart and diaphragm is occupied by air-containing tissue. Fig. 3 shows the dorso- 
ventral bronchogram. This reveals a number of anomalies. In the first place the Carina is 
considerably broadened <m. The right upper-lobe bronchus is well filled, the three segmental 
bronchi show no anomalies. Somewhat lower down the stem bronchus suddenly grows much 
narrower with a quite smooth margin, apparently the bronchus is compressed from the medial 
side yb). On the place of the bifurcation of the middle- and lower-lobe bronchi medially a 
small irregularitv is visible. One lias some difficulty in further finding one's way in the 
bunch of downgoing bronchi. The lateral (*) and the medial (5) branches of the middle 
lobe bronchus are still recognizable with fairly great probability. Behind these, however, 
there are two more descending bronchi that cannot be explained as basal branches. The 
lateral photograph gives the solution. Above, one sees the main bronchus with the entrance 
u£ the upper-loi^ bronchus. The ba-ul bronchi are completely absent, in the lower-lobe 
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bronchus there is an obstruction with an irregular margin. Only the middle-lobe bronchi 
(J and 5 ) and the apical branch of the lower lobe (6) are filled. The entrances of both 
bronchi, but particularly that of the middle lobe, are slightly narrowed. The two descending 
branches on the dorsoventral bronehogram of Fig. 3 are, therefore, side branches of t e 
apical bronchus of the lower lobe. The occluded part of the lung contains the four basa 



Fig-. 5-— Case 3. Dorsoventral bronehogram, right side. 


the 

of 


segments. This part of the lung is smaller than normal, for the midd 

anterior part of the diaphragm. Apparently there is hypoventilation in 1 ^ ^ tUe 

the Inn*, but, thanks to the collateral ventilation, it still contains air= ; the ]ower . 
physical and x-ray examinations of the chest revealed no phenomena of occlusion 

lobe bronchus. 
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, 0 „ Th e carina was considerably 

Bronchoscopy revealed no ^L^ately below the Wfi^ 0 ^ j * 

broadened. The stem bronchi was right lower lobe the T 

-- -* -"■»'££TJSm ft. 

s?r::s-s:-r— ^ <—— -*’ 

stem bronchus). 



Uad a productive cough for a few months, with no hernop- 
Case 3.—A 52-year-o a T)er ;hilar shadow was visible. This shadow, which is 

tvses. On tlie right side oi t e _, , _t._ *i M *i«* n'ciW? on the broncboffram ox Fiff- 


v>^. ~~ -S^t side ox t e lobe? 5s dearly visible on the bronchogram ox Fig- 

very suspect for atelectasis o fa lowing that the right lower lobe contains a fair 

5. rig. 5 is a dorsoventra ? and ajaphragm is not portrayed. In this photograph 

quantity of air. The spaee >- - t ba3 a con i ca l shape. The impression is conveyed that an 
the obstruction is clearly w br ’ onclm3 (with this term is meant, in Groningen, the main 
occlusion exists in the s tbe bti urcation of the upper-lobe bronchus, so the common 

bronchus of the right si e lo ^ cr !obci ). fig. o is the lateral photograph, demonstrating 
bronchus of the middle^a ed - ng ca ^ t U e importance of taking photographs in various 
once more, just as *n^ie ^ be picture thus obtained is quite different. There is not 

directions, also m ^ delusion of the middle-lobe bronchus and an occlusion of the 

one obstruction, u ^ tbe a pi c al branch (S). With bronchoscopy a tumor, occluding the 
lower lobe bronchus ^ branching off of the apical branch, was found. Biopsy revealed 

a carcinoma 
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lliis case is particularly demonstrative, as it so clearly shows the difference between the 
occlusion of the middle-lobe bronchus, in which case collateral ventilation is impossible, re¬ 
sulting in atelectasis, and the occlusion of the lower-lobe bronchus, in which case collateral 
■ventilation is still possible through the apical branch ( G ), thus probably prohibiting atelec¬ 
tasis. From the surgical preparation it was stated that the occlusion in the lower lobe was 
caused by the primary tumor and the occlusion in the middle lobe by glandular metastases. 

Naturally these eases are exceptions in the great number of patients suffer¬ 
ing from bronchial carcinoma now seen in the clinic. They are, however, of 
gieat theoretical importance. An important point is that very considerable 
bionchial stenosis may exist, whereas an examination, also with roentgenograms, 
does not reveal any signs of bronchial stenosis. This is in all probability caused 
by collateral ventilation. This condition can only have a temporary existence. 
For, as was already described by van Allen, an inflammation easily eliminates 
the collateral ventilation. Bronchial stenosis is nearly always accompanied by 
inflammation. Further growth of the tumor, moreover, will after some time 
obturate the apical branch from the lower lobe thus certainty eliminating col¬ 
lateral ventilation. 

In the preceding communication, 1 the importance of collateral ventilation 
in cases of foreign body was pointed out. We saw several examples of it. The 
above cases make it clear that collateral ventilation is also important in cases of 
tumors. 

SUMMARY 

Three cases of bronchial carcinoma are described, in which probably col¬ 
lateral ventilation existed. In cases of bronchial carcinoma bronchoscopy is as 
a rule preceded by bronchography. Bronchography can often furnish important 
indication, also in cases of carcinoma, e.g., concerning the operability. It is of 
particular importance with tumor in the periphery for the performance of a 
directed bronchoscopy. Its importance is demonstrated by the statistics of oiu 
last 160 cases in which, thanks to tiiis directed bronchoscopy, a positive biops.' 
was possible in 80 per cent. 

REFERENCES 

1. Baarsma, P. R and Dirken, M. N. J.: Collateral Ventilation, J. Thoracic Surg. 17: - 38 > 

1948. 

Baarsma, P. R., Dirlten, M. N. J., and Huizinga, Eelco: Collateral Ventilation in Man, 
J. Thoracic Surg. 17: 252, 1949. 

2. Van Allen, C. M., and Adams, AV. E.: Mechanism of Obstructive Pulmonary Atelectasis, 

Surg., Gynec. & Obst. 50: 385, 1930. . . T 

Van Allen, C. M., and Jung, T.: Postoperative Atelectasis and Collateral A r entilation, J- 
Thoracic Surg. 1: 1, 1931. 



PHYSIOLOGIC STUDIES FOLLOWING THORACIC SURGERY 
I. Immediate Effects of Thoracoplasty 

William W. Stead, M.D., and Philip H. Soucheray, M.D. 
MINNEAPOLIS, Minn. 


INTRODUCTION 


T HIS is the first of a series of reports dealing with tlie physiologic effects of 
thoracic surgical procedures employed in the treatment of cavitary pul¬ 
monary tuberculosis. The effects produced by lobectomy, pneumonectomy, and 
segmental resections will be covered in subsequent communications. In the 
choice of a surgical procedure suitable for a given patient three factors must 
be considered: (1) The nature of the tuberculous lesion and the merits of the 
various surgical approaches as definitive treatment for the lesion at hand 1 ; 
(2) the pulmonary reserve of the patient and his ability to withstand the 
permanent loss of function following the operation; and (3) the magnitude 
of the immediate stress which attends the procedure, and the ability of the 
patient to withstand this stress. With these considerations, the procedure is 
then designed to fit both the lesion itself and the patient as a whole. It was 
felt that a careful study of the physiologic effects of the several surgical ap¬ 
proaches to the treatment of cavitary pulmonary tuberculosis would, there¬ 
fore, he of value. 

Excisional surgery is rapidly gaining in popularity in the treatment of 
tuberculosis. -Much is being written upon the specific indications for resection 
and upon its efficacy in the treatment of the various types of tuberculous 
lesions. In the presence of normal pulmonary reserve, most surgical proce¬ 
dures present little difficulty, but in many eases diffuse pulmonary disease 
(emphysema and fibrosis) coexists with the tuberculous lesion under attack. 
It is this coexisting disease that frequently impairs the over-all pulmonary 
function and is, therefore, the determining factor in the patient’s ability to 
withstand major thoracic surgery. 1 - 2 A great deal of experience is needed in 
assessing the ability of a borderline case to withstand the resection of pul¬ 
monary tissue. Thus, in selecting the ideal operation for the treatment of a 
given tuberculous lesion, a compromise must frequently be made in order to 
keep the immediate surgical trauma and ultimate loss of pulmonarv func¬ 
tion within the limits imposed by the patient’s over-all pulmonary reserve 
The purpose of this series of reports has been to quantitate and compare the 
immediate stress and the ultimate sacrifice of pulmonary function produced 
by the various operations currently in use in the treatment of cavitary pul¬ 
monary tuberculosis. * i 1 


The present report is concerned with the physiologic effects that were 
noted within twenty-four hours of each stage of the three-stage thoracoplasty 
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„ -l » C °^.f' S " Mas e ^ 10sen for the first study because it is a well standardized 

/I™ ' ai l 31 oceduie in tlioraeie surgery. The magnitude of the stress im- 

' ^ ^oiRcoplasty is so well known to chest surgeons that it may serve 

tinno 1C ; 01 ^ 1G c l uan titative comparison of the effects of thoracic opera¬ 
tions of greater magnitude. 

nrpnnomF^ 61 nations heiein reported may be divided into two parts: (1) The 
of the nl 1 J G , 6 eimin<l ti°n of pulmonary function, and (2) the evaluation 
tivelv /-nj S1 ° °° 1C stat } ls °-f the patient sixteen to twenty hours postopera- 
obieetive 1 u P1 f.°^ eia ^ Ve ' stu< ^- y sei ‘ved two purposes: (a) to aid in the 
for imm 6 ®. S ^ matlon of t,le Pulmonary reserve, and (b) to furnish a baseline 
ultimn+o f Ia I )ost °P e i* a .ti ve observations and for subsequent analysis of the 
ultimate functional changes to be reported at a later date. 


oratory at 7 ■ q * ^ U01 to ^ ie 3irs3; s3a S e °f thoracoplasty, the patient was taken to the lab 
corded The f * * 6 . fastill S' stale - Weight, height, age, and vital capacity were re 

duplicate in ti UU< . IOna realllua3 vo * ume a »d index of pulmonary mixing were determined in 
canacitv war ^ IUailller ^ eser ihed by Cournand and associates.3 The subdivisions of the vital 
eter Thi- n . ' n< ’‘ laul< 10111 tlie tracing made on a standard Collins or McKesson metabolim- 
iu order Hmi i* B !° up tests served to acquaint the subject with the respiratory apparatus, 
order that he might be more relaxed during subsequent observations. 

The nril morning the patient was brought to the laboratory in the fasting state. 

needlel u-. p era ure " as recorded. A large bore needle (Cournand modification of the Linde 

nlaee Hi ' s lllsor e 1,1,0 ,lle femoral artery under local anesthesia. This needle was left in 
place throughout the entire procedure. 

which h.T XPired ," aS t * 1Cn co,!eete< i for a seven-minute period in the Tissot gasometer, 
was nsp l 3lievioas } been thoroughly rinsed with the patient’s expired air. An open circuit 
nerinrl lllhaIll, b r r °om air through a valve of 53 c.c. dead space. During this 

withdraw ?| U , Se T* 10S P irat:01 T rates were recorded, and two samples of arterial blood were 
„ i , . i 11011 S 1 t le Cournand needle without disturbing the patient. Resting ventilation 

pvnirpd ^ n °, 1C \ ate " ele determined by measurement and quantitative analysis of the 
.■ “ as C0 ec *" ea 111 the Tissot gasometer. The physiologic dead space and alveolar ven¬ 
tilation were also calculated from these data (see below). 

i»rin/f!f' Su ^ ject mhaled 100 per cent oxygen through a similar open circuit. After a 
tI ° U eas seven . minutes, a third sample of arterial blood was withdrawn, and the 
, if removed. This sample was analyzed at onee for oxygen content to determine the 
f ,, ° 0Xy ° 611 P h ysically dissolved in the blood. This value was used in the calculation 

le pu monaiy shunt, after the method of Ifasciolo and Chiodi,i using the formula: 


X = Va O 


- V 


■a 0 . 


Vo 2 v 

Fy o x 33333 "'here: X is per cent of blood passing through aerated lung tissue; 


^ a 0 2 18 ar3erla ^ Llood 0 2 content of patient; Vy Q ^ is venous blood 0 2 content (actually 
in this study A Vo 2 "" as not determined, but a value of 4 volumes per cent was as¬ 

sumed instead); Vp^ is arterial hemoglobin capacity plus the mean value for dissolved 

0 2 found in a series of normal subjects. This is taken as the theoretical normal for this 
patient if he had only a normal amount of pulmonary shunt. 

With the patient in a sitting position, the maximum breathing capacity was measured 
directly from the volume of air collected in a Douglas bag during thirty seconds of maximal 
voluntary hyperventilation. The resistance in the valve system was minimal at the rate of 
ventilation achieved by most of our subjects. 


i'-v'innvir vTrD^ -iHOKACIC ^UBGtRY *^0D 

SZZ& AA3 S0UCHE5AY: Pn\aOLOoIC a. a 

r . 3 v>>a icr e- determination of the pH was drawn into a 10 c_c. sjrmge which tad 
..... It^L arimted brieriv with a small amount of mercury aad 0.1 M. 

•--aria. and tt- m3 determination carried cut within are anas at o- L. m i_e 

SrfM* SST.* Osc^w a a «i« Oi «**«« « =“ f= b - T — 

Tie arterial bleed carbon dioxide content teas determined immediatel- m anp..^aie ar.e. 
*s sairf of Tan Slvie and Sendroyri The oxygen content and henroglobm «P^7 ‘ 
c-neminol in dualize by the method of Van Slyhe and TaTfr 

nade'fer change in hemoglobin concentration wmeh ocenr. m - _ . method. 

dsrfted bv Conroe and talkers and a 2 per cent higher saturation round. b, ** 

This was id: to contribute nothing, and so values are expressed tn t^ conTenno^ ma^^. 
The normal value in this laboratory is 96.50 «r cent nncorreeted and per cent corrected 

fer the zn htsozlobb eonceunation. 

The c-xvgen content and capacity of the blood collected during the, g “= 

oxxgen mere'^lvued. The oxygen content of the blood collected dnrmg ^e breathntg ox 100 
wrm oxvgen." minus the hemoglobin capacity, teas when as an estima.eor theoxygen 
^ chvsieaHv dissolved in the blood. The normal value for the c^olved o^ nnder 
th.se conditions is 1.S0 z 02M volumes per cent in this laboratory. The true: value■ J»da 
be 2.04 volumes ter cent under these circumstances uc all meters are la ^ n " 

This method, however, dees give a value which is fairly constant m normals *e pa 

dents preoperatively. The fact that little blood passes tnrongn ,ne diseas . * 

Sung has been observed bv Berggrcn 1 * and also by Bjorh. 3 - _ 

In determinin'* the maximum breathing capacity, the thirty-second period wa* chorea 
because it mould give sumeiem gas for accurate measurement and mould at the same tame 

. . ■“ _ . . tv p normal values m this laooratory aie 

avom gross t 3 tigue on the mart or ice patient. 1 -e norma ... .... 

somewhat lomer'than those'givea by Command and Richards.’: This is probably because 

the method used bv these investigators involved the rebreathing ox expiree, air m a 

spirometer, and the method employed here utilized fresh room air for each bream. In this 

manner, the additional stimulus oi increased carbon dioxide and decrease-- oxygen content 

of the inspired gas was avoided. Parallel determinations in this laboratory using both 

methods showed that the spirometric method of Couruand gave consistently higher values. 

Arterial blood P co . (Paco ) w3i estimated from the values for arterial blood CO; con¬ 
tent and oH. The nomogram prepared by Singer and Hastings’: mas used xor convenience. 
Alveolar P co . (P Ao o 5 was as^ ed :o be equal to arterial blood Pco. after the suggestion 

of Riley.it CO, excretion per minute <V co .'> mas determined directly by measurement and 
analysis‘of the expired air. Alveolar ventilation per miaule vras calculated by u^e of the 
formula:** 


V A - Vco, 


-vhcre: 

V A = 

alveolar 



is rate • 



is fraei 


V 

is rest! 

stands 

Alvev! 

ar ventilat: 

Ion per b; 

Y. 


V = 

A 


A 

f 

nitre 

: V x 

U alvc 


f 

1.* ro?; 


-'•CO. 

illation in cubic centimeters per minute. 


minute volume of ventilation in cubic centimeters per minute at 
condition of temperature and pressure. 


illation per breath, 
rate t«cr minute. 
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Phvgologie dead space was calculated by use of tie formula: 


V, 


fV. 


- DS,) 


wlere: V D 
^ X 
T a 
DS. 


X> ’ T v ' A 

is physiologic dead space in cubic centimeter^ 
is tidal volume 

is alreolar ventilation per breath . , f -dtps 

i dead space of respiratory valve (53 me. which when corrected to BTP- 

The dead space ventilated per minute was calculated by use of the lormnla. 

Y = V D x f 

t » L- «**. *>—« *»“ P “ 

-» - .-i a .a T i,-, -r>r*^r nr*efT3l ^Tif onnation. 

These calculations, although apparently complex, jneloel me - ^cGcal 

obtained from this study for understanding the physiologic changes which xollow -nr = .eal 

procedures involving the thoracic cage. _ r _ ,e. 

The positive observations were ^ 

morning following surgery. These consisted ^ ^ ^ arteriaJ blood was 

respiratory rate, ana vital capacity J * ren dissolved in the blood during the 

aramu in the same manner as described above. _ • = at ^ iTa&a ^ the 

inhalation of 100 per cent oxygen was again determined, 
fasting state. 

CLINICAL MA TERIA L 

Ten male patients, of ages 23 to 62 years, were studied. Each had prenoiisly 
been reviewed and accepted for thoracoplasty hy members oi tne mescal and 
thoracic surgical services. Each patient had predominately unilateral, uppe - 
lobe, c-avitarv pulmonary tuberculosis. The contralateral lung was either clear 
or contained' apparently stable tuberculous lesions. There v m, no si gunman 
oleural inTolYemenL Clinical observations showed the patients to raiw irom 
men who were physiologically normal to men who were dyspneie on slight 


exertion. 

Normal values for this laboratory were determined by testing sixteen 
normal young males. These figures were used as a standard hy which to judge 
the pulmonary function of the patients before surgery. 

*Table I gives the mean values for the preoperative tests in this group oi 
patients. andVne mean value found in the group of normal subjects. 

It c-an be seen that the index of pulmonary mixing, and residual volume 
were si<Tnfieantlv neater in this group of patients than in the normal sub¬ 
jects. Several of 'the patients actually had moderately severe pulmonary 
emphysema with a residual volume greater than 40 per cent of the total lung 
volume The mean vital capacity and maximum breathing capacity were 
aanifieantlv lower than in the normals. The resting minute volume of ventila¬ 
tion. basal metabolic rate, and ventilatory equivalent for oxygen did not diner 
si gnifi cantly from the normal values. The arterial blood oxygen saturation, 
carbon dioxide content, carbon dioxide tension, and pH were also within normal 
lim its. The mean for the oxygen dissolved in arterial blood by breathing 100 
per cent oxvgen was not significantly different from the normal. This indi¬ 
cated that there was r.o signincant pulmonary shunt in these patients. 
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•Statistical analysis reveals this mean to differ significantly from the preoporative mean (p = 0.05 or less), 
t Statistical analysis reveals this mean to differ significantly from the mean value obtained in sixteen normal subjects <i> 
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V I, 

Y_ 

i. 

V A 

DS. 


wa> calcubt^i l»v Um* oi the formula: 

'* D ~ ^ t ~ ~ 

is yhy-iolo^ie spac<? in cubic centiiuctcrs- 

ls liiinJ volume 

alveolar ventilation per breath 

is .lead .-pace of respiratory valve io3 e.-. which when eoricvtc-i lo BTPS 
X5 46 C-C. » 

Tie dta*! space ventilated j<r minute «a> calculated by use o£ ike formula: 

' D ~ ' D ' J " 

:rie:e: Y is eaaalalive volume of e.eaJ space veaiilan-1 ia cubic eealiiaeiers per snin- 
uie. 

Tiese calculatioas. although spparemly voimtex, yielded the iucsI u>eful information 
■ettiivei irco this study for under^anding the physiologic changes which follow surgical 
jrote&res involving the thoracic cage. 

The pcstor-erative observations were made in tae patient s room at * toU A.M., on the 
followin'.; surgery. These consisted in the recording of the temperature, pulse, 
respiratory rate, and vital capacity. The expired air was collected an.3 arterial Mood tras 
'itawa ia the same manner as described above. The oxygen dissolved in the Mood during the 
tnhalattoa of ]Co J-r cent oxygen was again determined. Each patient was studied in the 
lining state. 


CLINICAL MATERIAL 

Ten male patients. of ages 2-3 to 32 years, were studied. Each itad previously 
teen reviewed and accepted for thoracoplasty by members of the medical and 
thoracic surgical services. Each patient had predominately unilateral, upper- 
Me, cavitary pulmonary tuberculosis. The contralateral lung was either clear 
or contained apparently stable tuberculous lesions. There was no significant 
pleural involvement. Clinical observations showed the patients to vary from 
Sen who were physiologically normal to men who were dyspneic on slight 
exertion. 

Xormal values for this laboratory were determined by testing sixteen 
normal young males. These figures were used as a standard by which to judge 
the pulmonary function of the patients before surgery. 

table I gives the mean values for the preoperatiTe tests in this group of 
patients, and the mean value found in the group of normal subjects. 

It can be seen that the index of pulmonary mixing, and residual volume 
**vre significantly greater in this group of patients than in the normal sub- 
..eets. .Several of the patients actually had moderately severe pulmonary 
emphysema with a residual volume greater than 40 per cent of the total lung 
7 *77" "^ e 1116211 vital capacity and maximum breathing capacity were 

significantly lower than in the normals. The resting minute volume of veniila- 
^on, basal metabolic rate, and ventilatory equivalent for oxygen did not diner 
“gnmeantly from the normal values. The arterial blood oxygen saturation, 
T^ 11 dioxide content, c-arfcon dioxide tension, and pH were also within normal 
The mean for the oxygen dissolved in arterial blood by breathing 100 
ox y?e!i was not significantly different from the normal This Indi- 
..hat there was no significant pulmonary shunt in these patients. 
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The mean oral morning temperature rose from 9S.'o° F. preoperatheh to 
99.6- F. the day following surgery (Fig. l-lt- This change, though slight, was 
statistically signitieant. The mean preopc-rative pulse rate was SI per minute as 
compared with a mean oi 109.6 postoperativelv (Fig. l-l 1- 

The mean carbon dioxide content of arterial blood in the preopetathe 
period was 21.34 milliequivalents per liter and postoperativelv was 21.bS milli- 
equiralents per liter (Fig. ID). The pH of the arterial blood remained un- 


Phqsfoloqic Chanqes Followinq Thoracoplasty 

(16-20 Hours After Surqerq) 


Fc;i Mi-jTt Velum 
at Vtntilarica ( V > 


Mean Respiratory 
Rate (ft 




Mean Tidal Volume 
CV T 1 



SCO 


Mean Physiofoyic 
Dead Space (V 0 ) 



Prc 


Post 


Mean Dead Space 
Vent i la 1 e d /M irjf V 0 ) 


Mean Alveolar 
Ventilation (V A ) 


Mean CO. Excretion' 
per Minute (Vco A I 


Mean Alveolar Venti¬ 
lation /Min.(V A ) 



All a A s volumes corrected to standard cond itions (dTPS) 


- J‘%-—Comparison of the ventilatory mechanism of the preoperative and postoperative 
5etfSbi„ T .- postoperative flgiiTes represent the weighted means of the Uiree postoperative 
iubiSr~ natlonj3 m each sub J tct . making a total of twenty-nine postoperative studies in the ten 


changed at 7.40 postoperatively (Fig. ID) and the carbon dioxide tension rose 
only front 40.55 mm. Hg preoperatively to 41.24 nun. Hg the morning after 
surgery (Fig. IF). None of these changes was of significance. 

. The mean arterial hemoglobin saturation in the first twentr-four horns 
ayer the surgical procedure fell to 90.31 per cent from the control mean of 
• < per cent, while the patient was breathing ambient air (Fi" 1(?1 TI,;- 

change was of significance. = ‘ 
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The technique of thoracoplasty used in the patients comprising this study 
was as follows: The first stage consisted of the removal of the first rib and 
posterolateral portions of ribs 2, 3, and 4. The second stage was done from 
twelve to sixteen days later and consisted of the removal of the anterior 
segments of ribs 2 and 3 and cartilages of 1, 2 and 3. At the third stage, per¬ 
formed twelve to sixteen days following the second, the posterolateral seg¬ 
ments of ribs 5, G, and 7 were removed. It is felt by the Thoracic Surgery 
Service that these three stages divide the surgical trauma into approximately 
equal parts. Local infiltration with 1 per cent procaine was the only anesthetic 
employed. 


Phqsioloqic Changes Following Thoracoplasty 

(i6-zo Hours After Sunjerq) 


Maori Tcmp.horal) Mean Metabolic Mean Respiratory Medn CO* Content 

and Puls* Rate Rate Quotient of Arterial Blood 



Mean PH of Mean Pc ot of Mean Hemoglobin Mean Calculate 

Arterial Blood Arterial Blood Satu ration of Art.Bld. Pulmonary Shunt 



figures represent the weighted means of the three postoperative determinations in each s Jj 
making a total of twenty-nine postoperative studies in the ten subjects. In one subject^ ■ 
a pneumonectomy was performed at the time of the third stage thoracoplasty, ana me 
study is therefore not included in this report. 


RESULTS 

The mean physiologic effects of the individual stages are given in Table I- 
Detailed analysis of the results by stages revealed that there was no difference 
between the effects produced by the various stages of thoracoplasty. The resui ts 
of the mean values by stages have, therefore, been averaged and compared wi 1 
the preoperative control value. These comparisons are given in Figs. 1 and - 
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The foremost function of the lungs is the absorption of oxygen and the 
elimination of carbon dioxide. Of these, the carbon dioxide exeretorx factor is of 
the greater importance since oxygen is easily supplied therapeutiealh. The 
lungs are solelv responsible for the elimination of carbon dioxide and thus pla\ 
a vital role in the maintenance of the acid-base balance of the blood. There 
is as yet no way whereby the excretion ot carbon dioxide can be facilitated save 
by an increased alveolar ventilation. Furthermore, for practical purposes, 
sole reliance for such ventilation must be placed upon the natural mechanisms 
of the body. If these mechanisms prove insufficient, carbon dioxide retention 
and respiratory acidosis ensue. 

Two recent papers' 0-17 have called attention to the development of respira¬ 
tory acidosis (hiring intrathoraeie operations. The authors felt that the carbon 
dioxide retention occurred because of insufficient alveolar ventilation during 
the procedure. This was largely a complication of the artificial respiration 
that is part of endotracheal positive pressure anesthesia. Sinee the present 
study was an attempt to define the physiologic effects of the surgical trauma 
itself and not of the anesthesia, a minimum of sixteen hours was allowed to 
pass after the completion of surgery before observations were made. This 
time interval was observed even in the patients undergoing thoracoplasty 
(in whom local anesthesia alone was employed) in order that the data would 
be comparable to the data collected upon patients in whom general anesthesia 
was to be employed. 

No instance of carbon dioxide retention occurred in this series of cases 
studied after the three stages of thoracoplasty. The arterial blood pH and 
Pco. were unchanged from the control values. The normal P c0 . in the post¬ 
operative period also indicates that the mild anoxemia which existed was in¬ 
sufficient to stimulate an increase in respiratory volume. 

The degree of anoxemia which existed on the morning following surgery 
was slight, except in one case (G. J.) in whom atelectasis of the lower lobe 
occurred because of plugging of the bronchus by retained secretions. The fall 
from a mean of 95.79 per cent hemoglobin saturation to 90.66 per cent can 
largely be accounted for by the shunt of blood through recently collapsed 
lung tissue which was not being aerated. There was a 15.3 per cent shunt 
estimated to occur in the lung on the morning following surgery. The method 
used for this determination involved the breathing of 100 per cent oxygen bi r 
the subject and reflects only that blood passing through lung tissue which was 
uot aerated at all. It does not demonstrate the quantity of blood passing 
through portions of lung which are ventilated to a less than normal degree, 
lhe effective shunt when the patient is breathing room air would, therefore, 
be even greater than these data demonstrate. The observation of a significant 
shunt of blood through recently collapsed pulmonary tissue is in agreement 
with the work of Berggren 10 in man and of Bjork 11 in animals. 

The observations herein reported throw light upon the respiratory adjust¬ 
ments made by the body after surgery to the chest. It has been shown in this 
series of eases that: (1) the total volume of ventilation per minute increased 
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The quantity of oxygen physically dissolved in the arterial blood by the 
exposure to an alveolar oxygen tension of about 600 mm. Hg fell from 1.78 
volumes per cent preoperatively to 1.09 volumes per cent postoperatively. Prom 
this one can calculate that 0.69 volumes per cent fall occurred in the oxygen 
content of blood leaving the lungs. This change represents a 15.3 per cent 
absolute shunt through nonventilated lung tissue (Fig. 1 H). 

The minute volume of ventilation rose from a preoperative mean of 6,180 
c.c. per minute to 7,234 c.c. per minute the morning following surgery (Pig. 
2*4). This change was accounted for primarily by an increased rate of respira¬ 
tion from 14.5 to 19.6 per minute (Fig. 2 B). The tidal volume fell from a 
mean of 430 c.c. preoperatively to a mean of 390 c.c. postoperatively (Fig. 2C). 
The volume of the physiologic dead space changed only from a mean of 126.8 
c.c. preoperatively to 135.6 c.c. in the immediate postoperative period (Fig- 
2D). The volume of dead space that was ventilated each minute (physiologic 


dead space times respiratory rate) rose from a mean of 1,828 c.c. per minute 
preoperatively to 2,624 c.c. per minute postoperatively, i.e., a mean individual 
increase of 58 per cent above, the preoperative level (Fig. 2 E). Alveolar 
ventilation per breath decreased significantly from 257.2 c.c. before surgery to 
207.9 c.c. shortly thereafter (Fig. 2 F). The total volume of carbon dioxide 
excreted by the lungs per minute rose only from 217 c.c. per minute preopera¬ 
tively to 230 c.c. per minute after surgery (Fig. 2 G), in spite of the fact that 
the mean metabolic rate rose 19 per cent following surgery (Fig. IB). This 
apparent discrepancy is accounted for by a significant fall in the mean respha- 
tory quotient from 0.87 preoperatively to 0.78 postoperatively (Fig. 1 C). The 
lower respiratory quotient following surgery was probably due to the pool 
nutrition on the day of surgery, a period of about twenty-four hours immediate!} 
preceding the observation. The volume of alveolar ventilation per minute 
(alveolar ventilation times respiratory rate) was increased proportionately fiom 
a mean of 3,685 c.c. per minute before operation to 4,008 c.c. per minute follow 
ing surgery (Fig. 2 H). The change in carbon dioxide excretion and alveolai 
ventilation per minute did not prove to be of statistical significance. 


DISCUSSION 

The interest of this laboratory in the physiologic changes following thoracic 
surgery was aroused by the occurrence of unexplained shock in two patients 
early in 1949. The marked uncompensated respiratory acidosis which was 
found (arterial blood pH 7.10) was thought to be the basis for the clinical 
picture. 

It is well known that many patients who require surgical therapy ±° r 
pulmonary tuberculosis also have concomitant diffuse pulmonary disease such 
as emphysema and fibrosis. 2 The presence of an extensive diffuse pulmonary 
process of this type may lead to dyspnea during mild exertion or even at rest. 
Such a situation may preclude certain major operations on the chest. It was 
felt that an accurate determination of the stress placed upon the body in the 
postoperative period and of the efficiency with which the recently operated 
patient could meet this stress would be of value. 
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The foremost function of the lungs is the absorption of oxygen and the 
elimination of carbon dioxide. Of these, the carbon dioxide excretory factor is ol 
the greater importance since oxygen is easily supplied therapeutically. The 
lungs are solely responsible for the elimination of carbon dioxide and thus play 
a vital role in the maintenance of the acid-base balance of the blood. There 
is as yet no way whereby the excretion of carbon dioxide can be facilitated save 
by an increased alveolar ventilation. Furthermore, for practical purposes, 
sole reliance for such ventilation must be placed upon tlie natural mechanisms 
of the body. If these mechanisms prove insufficient, carbon dioxide retention 
and respiratory acidosis ensue. 

Two recent papers 10 - l: have called attention to the development of respira¬ 
tory acidosis during intratlioracie operations. The authors felt that the carbon 
dioxide retention occurred because of insufficient alveolar ventilation during 
the procedure. This was largely a complication of the artificial respiration 
that is part of endotracheal positive pressure anesthesia. Since the present 
study was an attempt to define the physiologic effects of the surgical trauma 
itself and not of the anesthesia, a minimum of sixteen hours was allowed to 
pass after the completion of surgery before observations were made. This 
time interval was observed even in the patients undergoing thoracoplasty 
(in whom local anesthesia alone was employed) in order that the data would 
he comparable to the data collected upon patients in whom general anesthesia 
was to be employed. 

Mo instance of carbon dioxide retention occurred in this series of cases 
studied after the three stages of thoracoplasty. The arterial blood pH and 
Pco. were unchanged from the control values. The normal P C o. in the post¬ 
operative period also indicates that the mild anoxemia which existed was in¬ 
sufficient to stimulate an increase in respiratory volume. 

The degree of anoxemia which existed on the morning following surgery 
was slight, except in one ease (G. J.) in whom atelectasis of the lower lobe 
occurred because of plugging of the bronchus by retained secretions. The fall 
Horn a mean of 95.79 per cent hemoglobin saturation to 90.66 per cent can 
largely be accounted for by the shunt of blood through recently collapsed 
lung tissue which was not being aerated. There was a 15.3 per cent shunt 
estimated to occur in the luug on the morning following surgery. The method 
used for this determination involved the breathing of 100 per cent oxvgen bv 
the subject and reflects only that blood passing through lung tissue which was 
n °t aerated at all. It does not demonstrate the quantity of blood passing 
through portions of lung which are ventilated to a less than normal degree! 
he effective shunt when the patient is breathing room air would, therefore, 
e even greater than these data demonstrate. The observation of a significant 
S ’ unt of blood through recently collapsed pulmonary tissue is in agreement 
■"hh the work of Berggren 10 in man and of Bjork 11 in animals. 

The observations herein reported throw light upon the respiratory adjust¬ 
ments made by the body after surgery to the chest. It has been shown in this 
Seiles 01 cases th at: (1) the total volume of ventilation per minute increased 
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appreciably; (2) the respiratory rate rose significantly; (3) the amount of 
carbon dioxide formed per minute rose slightly; (4) the respiratory quotient 
fell postoperatively. 

From these facts certain deductions can be made relative to the physi¬ 
ologic mechanisms involved in the postoperative adjustment. The maintenance 
of alveolar ventilation was a necessary response to the continued formation of 
carbon dioxide at about the same or slightly higher level. If this had not 
occurred carbon dioxide retention and respiratory acidosis would have re¬ 
sulted. Pain limited the chest expansion possible per breath and thus de 
creased the tidal volume. A fall in tidal volume necessarily results in a de¬ 
crease in alveolar ventilation achieved by each breath, since the volume o 
physiologic dead space cannot diminish. Actually, the physiologic dead space 
may be increased by rapid breathing because of the quicker movement of an 
through the respiratory bronchioles. In order to maintain adequate a \ eo ar 
ventilation in the face of a smaller alveolar ventilation achieved bj eaci 
breath, an increase in the rate of respiration.occurred. Such an increases ^ 
rate with a smaller tidal volume constitutes an inefficient means of ac 
adequate alveolar ventilation, since with every breath energy is was « 
move about 150 c.c. of air back and forth in the physiologic dead space. a 
this is of importance in the patients studied is shown by the great mciea.' 

(58 per cent) in the volume of dead space ventilated per minute. 

The data afford an explanation for Command's observation- that patien^ 
whose maximum breathing capacity was less than six times greater t an ^ 
resting volume of ventilation (breathing reserve of less than 85 per cen ) <■ 
not.tolerate thoracoplasty satisfactorily. It has been shown that tlieie is 
definite and prolonged (several days) need for an increased minute vo ume^ 
ventilation following thoracic surgery and that this must be acconip is ec ^ 
more rapid respiration. Patients who are unable to maintain this nicies^ 
rate and volume of respiration would develop carbon dioxide retention w ^ 
is a serious complication. A patient who is not able to achieve a six o 
crease over his volume of resting ventilation by a twenty- to thirty-secon e . 
might well not be able to meet the prolonged need for a more rapid iesp 
tory exchange after thoracic surgery. 

It should be emphasized that the observations herein reported weie nia 
at a time when all direct effects of limited respiratory exchange dming sm ° e 
would have been compensated and at a time when there was little inciease 
the rate of carbon dioxide excretion. The respiratory changes noted wou c , 
course be greatly exaggerated by the existence of acidosis with its a en 
need for a greater alveolar ventilation. Such would be the situation m 
respiratory acidosis at the close of intra-thoraeic procedures, as observe 
Beecher 16 and by Taylor. 17 The physiologic adjustments to such circums < 
are presently being investigated and will be reported in a later paper. 

From the studies reported in this paper it can be stated that if the co, 
is found to be high on the day following thoracoplasty a diagnosis o P 
monary insufficiency is justified and steps should be taken to increase 
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volume of alveolar ventilation. This can probably best be done by the per¬ 
formance of a tracheotomy. By lowering the physiologic dead space this 
procedure allows a greater alveolar ventilation to be achieved by the same or 
smaller tidal volume of ventilation. The tracheotomy opening also presents 
less resistance to the exchange of air in and out of the lungs and, tlierefoie, 
lessens the paradoxical motion of the flaccid chest wall. 18 Both of these effects 
help to produce a more efficient respiratory mechanism. The effect of tracheot¬ 
omy in such cases is currently under investigation in this laboiatoiy. 

SUMMARY AND CONCLUSIONS 

1. The immediate physiologic postoperative effects of three stage, seven- 
rib thoracoplasty were studied by stages in ten men ranging in age from 23 to 
62 years. Careful preoperative evaluation of pulmonary function uas done in 
each ease. Clinically the patients varied from men who were normal to men 
who were dyspneic on slight exertion. 

2. A significant, but rather mild, degree of anoxemia was found to follow 
surgery in each instance. In one ease the anoxemia was more severe but in 
this one there was coexisting atelectasis. 

3. There was evidence of the passage of blood through the pulmonary 
vascular lied without exposure to alveolar air. This pulmonary shunt was 
probably due to continued perfusion of recently collapsed pulmonary tissue 
and accounted for most of the anoxemia found. 

4. The postoperative increase in metabolic rate was accompanied by a 
proportionately greater increase in respiratory minute volume. An increase 
in the volume of dead space ventilated per minute accounted for most of the 
rise in the respiratory minute volume while the volume of alveolar ventilation 
increased only slightly. A fall in the respiratory quotient following decreased 
nutrition on the day of surgery explains the lack of a proportionate increase 
in the carbon dioxide eliminated in the presence of an elevated metabolic rate. 

5. The nature of the stress thrown upon the organism by thoracoplasty 
may be summed up as follows: A chest whose expansion is limited by pain 
following surgical manipulation is required to maintain a slightly greater 
alveolar ventilation than it did preoperativelv. This demand is met by an in¬ 
creased respiratory rate. 

The authors are indebted to Miss Shirley Luudgren and Mr. John Ognanovich for 
valuable technical assistance. 
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CIRCULATORY AND RESPIRATORY EFFECTS OF CONTINUOUS 
VERSUS PHASIC LUNG INFLATION IN OPEN-CHEST DOGS 

Description op ax Apparatus for the Application of Positive Pressure 
During Inspiration Only 

Howard A. Frank. M.D.. Alvin II. Cahan, M.D.. and Henry Banks, il.D. 

Boston, Mass. 

THIS study was undertaken to evaluate the degree of circulatory and respira- 
1 ton- disturbance which may he produced by continuous lung inflation as 
conventionally employed during thoracic surgery, and the extent to which sue \ 
adverse effects may be diminished by a return to atmospheric piessuie in tie 
trachea during expiration. 

A device which applies positive pressure during inspiration only was 
designed and built by one of us (A. M. C.). Its purpose is to minimize the 
physiologic disturbance inherent in positive pressure respiration, lathei than 
to improve surgical convenience by controlling or suspending spontaneous re¬ 
spiratory movement. The apparatus not only removes the impediment to 
expiration, but allows the subject to initiate inspiration, so that the imposition 
of an arbitrary pattern of respiration is avoided. 


METHODS 

Healtliv dogs premedicated with morphine sulphate (15 mg. intramuscularly), were 
anesthetized'with ether until the lid reflex was lost. An effort was made to maintain this 
level of anesthesia throughout the experimental period. A tracheal cannula was placed, and 
a standard closed system established, permitting rebreatliing through a freshly filled soda- 
lune cannister. The breathing bag was replaced by a cylindrical rubber bellows of several 
liters J capacity enclosed in an airtight glass cylinder. A vent in the cylinder maintained 
atmospheric pressure about the bellows, or else served to apply positive respiratory pressure. 
Tidal exchange was indicated bv the excursion of the shadow of a wire mounted horizontally 
on the exterior of the glass cvlinder projected to a vertical scale at the bottom of the 
Allows. Oxygen consumption was measured by noting the time required for the bellows to 
return to the null point after the introduction of 300 e.c. of oxygen by means of a water 
displacement apparatus. Drv gas volumes were corrected to standard conditions of tempera¬ 
ture and pressure. Duplicate determination of oxygen consumption agreed within 3 per cent. 

Mean respiratorv pressures were indicated by a water manometer attached to a side-arm 
of the tracheal cannula. One femoral artery was exposed for blood samples, and the other 
"as cannulated and attached to a mercury’ manometer. A catheter was introduced into the 
n ght auricle via the left internal jugular vein (position checked at end of experiment) for 
pressure measurements and mixed venous blood samples. Central (right auricular) and 
peripheral (femoral) venous pressures were measured by saline manometers, the zero point 
koiug set at the estimated level of the auricle. 

Cardiac output was determined from oxygen consumption and arteriovenous blood 
ox J*gen difference by the Fick principle, and is expressed as ‘ ( cardiac index” (L./min./m-). 

, From the Kirstein Research Laboratory and the Department of Surgery of the Beth 
i*rael Hospital, Boston, and the Department of Surgery of the Harvard Medical School. 
p . An abstract of this paper was delivered before the American College of Surgeons in 
x-Jucago. October, 1945 
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CIRCULATORY AND RESPIRATORY EFFECTS OF CONTINUOUS 
VERSUS PHASIC LUNG INFLATION IN OPEN-CHEST DOGS 

Description- of an Apparatus for the Application of Positive Pressure 
During Inspiration Only 

Howard A. Frank. M.D., Alvin II. Cahan, M.D., and Henry Banks. M.D. 

Boston, Mass. 

T his study was undertaken to evaluate the degree of circulatory and respira¬ 
tory disturbance which may he produced by continuous lung inflation as 
conventionally employed during thoracic surgery, and the extent to which such 
adverse effects may be diminished by a return to atmospheric pressure in the 
trachea during expiration. 

A device which applies positive pressure during inspiration only was 
designed and built by one of us (A. M. C.). Its purpose is to minimize the 
physiologic disturbance inherent in positive pressure respiration, rather than 
to improve surgical convenience by controlling or suspending spontaneous re¬ 
spiratory movement. The apparatus not only removes the impediment to 
expiration, but allows the subject to initiate inspiration, so that the imposition 
of an arbitrary pattern of respiration is avoided. 


methods 


Healthy dogs premedicated with morphine sulphate (15 mg. intramuscularly), were 
anesthetized with ether until the lid redex was lost. An effort was made to maintain this 
level of anesthesia throughout the experimental period. A tracheal cannula was placed, and 
a standard closed system established, permitting rebreathing tlirough a freshly filled soda- 
lirne eannister. The breathing bag was replaced by a cylindrical rubber bellows of several 
liters’ capacity enclosed in an airtight glass cylinder. A vent in the cylinder maintained 
atmospheric pressure about the bellows, or else served to apply positive respiratory pressure. 
Tidal exchange was indicated by the excursion of the shadow of a wire mounted horizontally 
on the exterior of the glass cylinder projected to a vertical scale at the bottom of the 
bellows. Oxygen consumption was measured by noting the time required for the bellows to 
return to the null point after the introduction of 300 c.c. of oxygen by means of a water 
displacement apparatus. Dry gas volumes were corrected to standard conditions of tempera¬ 
ture and pressure. Duplicate determination of oxygen consumption agreed within 3 per cent. 

Mean respiratory pressures were indicated by a water manometer attached to a side-arm 
ot tIie tracheal cannula. One femoral artery was exposed for blood samples, and the other 
^as eannnlated and attached to a mercury manometer. A catheter was introduced into the 
n ght auricle via the left internal jngular vein (position cheeked at end of experiment) for 
pressure measurements and mixed venous blood samples. Central (right auricular) and 
peripheral (femoral) venous pressures were measured by saline manometers, the zero point 
being set at the estimated level of the auricle. 

Cardiac output was determined from oxygen consumption and arteriovenous blood 
oxygen d ifference by the Fick principle, and Ls expressed as “cardiac index*’ (L./min./m 2 ). 


j From the Kirst^in Hfesfe<irch I^aboratory and the Department of ^urcrerv of thp x?-,v, 
Israel Hospital. Boston, and the Department of Sur£V ottelSZrSrd Schc^L 

Chicago! October! lLi"* paPer ' J%hvere ' 1 U»e American College of Surgeons in 
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Surface area was calculated from the weight, t Blood oxygen and C0 2 content were 
mined in duplicate by the inanometric method of Van Slyke and Neill.- Arteria 
saturation was calculated after determining oxygen capacity by equilibration in a ton 
or in a few instances by calculation from hemoglobin concentration (Etelyn co 
The hematocrit of eacli sainp’c was measured. Arterial blood pH was determine y 
Beckman potentiometer, using an enclosed glass electrode. The C0 2 pressure an ogram3 
concentration were obtained from the nomogram of Singer and Hastings.^ Electroc 
were taken from standard limb leads using needle electrodes. 


FROM 

OXYGEN 

SUPPLY 



Fig-. 1.—Schematic diagram of apparatus for bellows during inspiration 

the apparatus is designed to compress an enclosed anesthesia bag ° “ eac h expiration- T1 * 

and to allow a rapid return to atmospheric intratracheal pressure uur p S essure having been re 
compressing force is supplied by oxygen from a cylinder, tl P . a type A-16 AAF spr S 
duced to a peak of 20 cm. water by a standard reduct^ 0 nvvlen from this source provides t 
loaded demand regulator (not shown in the figure)- the exhaust valve (-) 1“ 

mechanical force required to open the inflow valve (i) and n tf,er valve diaphragm (larger than 
ing inspiration. The gas pressure is applied to one °r the other valve u p |eadin g f rom h v the 
the effective areas of the valve faces) by one of a P^ir of small ducts tl position b> t" e 
of reciprocal pilot valves (.}). The pilot valves are brought to the insp^rat^ a spring (6b 
action of an electromagnet (J), and are returned to ^he expira ry P^.^ set in motion b> “jg 
The magnet (direct current) is activated by a relay bellows (S) about thei f 

contraction of a metal bellows (7), which shortens as the rubbe beiio^ ede termmed pea 
cage elongates at the start of inspiration. Expiration is lnitiatea a y the ma]n respira 

pressure by the elongation of a second metal bellows (9) in contin Y / 9 \ j n its lengthene 
tory conduit (10). The electrical contact established by- tins second bellows^ ’inspiration, and 
state breaks the circuit which has been supplying the ^'P^tromag inflow valve (■M 

llfows the pilot valves to reverse to the expiratory position so that the >£ tracheal pressure 
closed by oxygen pressure, and the exhaust valve (2) is opened uy then remains at 

assisted by a spring (not shown) within the valve. The anesthesia bag 
atmospheric pressure until the next inspiration is begun. 


The dogs were loosely held supine, and in each a chest wall incision was made 
exposed the intercostal muscles along the full length of the right six i me ^ ' para . 

loss was held to a minimum. ' Initial observations were made one hour late groups 

tion, i.e, normal respiration with closed chest, was studied as a contro1 ’ a the 

of dogs, the thoracotomy was completed and the wound ed f ^* tie ghtss cylinder 
thorax widely. In Group CPP (continuous positive pressure) the vent S 

Tbe2ause tiiTnmSiitSd^of th?s 

'mesthesia^and^a^atLsfac^o^yniodiflcaHon^hi ^eclimqu^*^was^not^b^ii^ - t ^ ^^ v ^^lmp^ 

a pro,onsed equ ‘ 
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enclosing tlie bellows was attached to a 2-liter rubber bag inflated to provide a mean intra¬ 
tracheal pressure of 10 to 13 cm. of water. This maintained a lung volume which just filled 
the chest in the expiratory position, with very little tidal exchange. In Group IPP (inspira¬ 
tory positive pressure) the cylinder enclosing the bellows was attached to the device which 
applied positive pressure during inspiration (peak pressure IS cm. H,0; mean pressure 2.5 
to 5.0 cm. H„0), and allowed passive expiration against atmospheric pressure. The lung 
volume was observed to reach approximately one-half of full expansion during inspiration 
and to fall one-quarter expansion in expiration. Tidal volume was approximately 500 cubic 
centimeters. 

All animals in the IPP and control groups tolerated the experimental procedure well, 
and a full set of observations was obtained at zero time (one hour after completion of 
preparations), at 1 to 1.5 hours, and again at 2 to 2.5 hours. Several CPP experiments had 
to be concluded within 1.5 hours because of marked fall in cardiac output and arterial pres¬ 
sure, whereas others could be carried for 2.5 hours. 

Apparatus for Inspiratory Positive Pressure Respiration (Fig. 1). —The dog's chest was 
encircled by a rubber cuff connected to a hydron bellows so that inspiratory motion of the 
chest shortened the bellows and closed an electrical circuit which set the control valves into 
the inspiratory position and provided a free flow of oxygen at a maximal pressure of 20 cm. 
H,0. Expiration was begun when the intratracheal pressure reached IS cm. H.,0. At this 
pressure the expansion of a second hydron bellows interrupted the electrical circuit, and the 
return of the valves to the expiratory position permitted passive exhalation against atmos¬ 
pheric pressure (Fig. 2). 



RESULTS 

A. Circulatory Effects (Tables I, A, B, C).—The initial determinations of 
cardiac index ranged from 3 to 12 L./min./m 2 , the mean values for each group 
>emg dose to 7.5 L./min./m 2 (Fig. 3).* By the end of the subsequent 2 to 2.5 
'ours of observation the cardiac outputs of the control dogs were lower and 
more closely grouped in the normal range (average 3.6 L./min./m 2 ). Arterial 
Pressures remained normal and the total procedure, including the blood sam¬ 
pling, was tolerated well. 

In four of the nine CPP (continuous positive pressure) dogs, the cardiac 
“ ldex Reclined below 2.4 L./min./m 2 within 1.5 hours, and in three others after 
- to 2 5 hours. The cardiac index of two CPP dogs remained normal through- 
011 tie experimental period. The average cardiac index at the end of the 
experiments was 2.9 L./min./m 2 (43 per cent of the starting values). A reduc- 
-^LL n artel 'ial pressure, accentuated by the withdrawal of blood samples, 

•These high initial, values may be attributed in part to the ether anesthesia.*. * 
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^Eorn mnl'inv ?>l' ! . ,ES: / m E1 ' E,!MIXATIOifs AT TIIE Ex» ok tiie Preliminary 
_ N E,tl0l> C^uie Zero) and at Intervals Thereafter 


dog 

NUMBER 

T 


Averages 


TIME 

(HOURS) 

0 

1 


CARDIAC 

INDEX 

( L./MIN./M2) 

10.9 

13.9 

4.4 
12.4 

6.4 

3.1 

4.2 
3.0 
3.8 

4.4 

7.1 

2.7 

5.7 

6.1 

4.3 


pco. 

(MM. HG) 
“50 

44 
47 
63 
59 
53 
28 
30 
33 
38 

45 
41 

40 

41 
41 
44 
44 
43 


BUFFER 

BASE 

(meq./L.) 

39 
37 

35 
42 
41 

40 
47 
49 
46 

36 

34 
32 
36 

35 
35 
40 
39 
38 


ARTERIAL 
PRESSURE 
(mm, Hg) 
120 
120 
120 
100 
100 
100 
110 
110 
110 
90 
100 
100 
120 
120 
140 
10S 
110 
114 


1 able I, B. GPP Series: Open-ciiest Dogs Breathing Oxygen at a Pressure Sufficient 
to Maintain Full Lung Volume Throughout the Respiratory Cycle 


arterial 
pressure 

___ (mm. hg.) 



Full lung in¬ 
flation (Aver¬ 
age respira¬ 
tory pressure 
10 to 13 cm. 
IDO) 


Averages 


Lung half 
inflated 
(Respiratory 
pressure 
4 cm. H.O) 


(9 dogs) 

(6 dogs) 

(5 dogs)* 

0 

1-1% 

o.oy. 

9. 

0 


iy» 

10. 

0 


i% 


7.S 

7.25 

45 

42 

100 

2.3 

6.85 

130+ 

25 

75 

ii's 

7.25 

56 

46 

100 

1.9 

6.75 

200+ 

10 

110 

9.0 

7.30 

52 

4S 

110 

4.9 

6.96 

120 

37 

no 

4..'> 

7.50 

38 

54 

90 

3.4 

7.40 

45 

50 

90 

6.2 

7.30 

30 

38 

110 

5.2 

7.05 

45 

2S 

no 

6.0 

7.35 

37 

45 

no 

2.3 

6.85 

130+ 

25 

no 

12.0 

7.40 

38 

4S 

no 

1.6 

7.10 

63 

36 

70 

6.8 

7.15 

5S 

37 

100 

5.0 

7.02 

91 

36 

100 

3.9 

6.90 

118 

31 

100 

2.2 

6.S0 

140+ 

27 

100 

6.5 

7.45 

34 

48 

100 

2.7 

7.10 

S2 

40 

90 

2.2 

7.00 

S8 

34 

80 

2.1 

7.00 

88 

34 

so 

7.3 

7.36 

43 

45 

103 

2.5 

7.00 

107+ 

31 

87 

3.3 

6.93 

103+ 

30 

102 

8.5 

7.25 

53 

43 

100 

2.3 

6.77 

150+ 

23 

180 

9.2 

7.35 

36 

44 

100 

yiug) 

6.81 

150+ 

24 

ISO 


•Four dogs did not tolerate CPF respiration beyond 1.5 hours. 

fTime zero refers to the end of the preliminary equilibration period and the moment be¬ 
fore open thoracotomy and positive pressure respiration were established. 
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accompanied the decline in cardiac output in some of the animals, but marked 
elevation in arterial pressure occurred when the CO = accumulation was very 
great (Experiments 9 and 10. Table I. B). 

The IPP (inspiratory positive pressure) group (seven dogs) showed the 
least decline in cardiac output, to an average of 5.4 L./min./nr, or So per cent 
of the initial indices. In only two did the cardiac index fall below o L./nnn./m-, 
and in these two the arterial pressure also declined. 



.CONTROL 

* CONTINUOUS POSITIVE PRESSURE 
o INSPIRATORY POSITIVE PRESSURE 


Fig. 3.—Cardiac output in the three groups or dogs at three phases of the 

experiment. The control dogs retained intact pleural sacs and breathed at atmospheric pressure. 
Open thoraeotomv and positive pressure respiration was established in the other two groups 
immediately after the initial determinations of cardiac output. 

The horizontal line at 2.4 L/min/m- represents the lower limit of cardiac output in nor¬ 
mal dogs/- * Four dogs in the CPP group collapsed within 1.5 hours and are not represented 
in the third column. The two CPP dogs showing normal cardiac outputs at 2 to 2.5 hours 
are not represented in the 1 to 1.5 hours column. (CPP dogs 9 and 10. whose lungs were 
only half inflated, are not included in Figs. 3, 4, or 5-) All dogs in the control and IPP 
groups are represented in all three columns. 


The initial femoral-auricular venous pressure gradient ranged from 1.0 to 
6-5 cm. H.O (average 4.0 cm. II-O). Auricular and femoral venous pressure 
did not change during control observation. An elevation in both central and 
Peripheral venous pressure occurred as soon as the chest was opened and positive 
respiratory pressure was applied (Table II). The new levels of venous pressure 
were reached within three to five minutes and did not change thereafter unless 
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I, C. IPP Series. Open-ciiest Dogs Breathing Oxygen Intermittently Suitlild 
___ _ so AS T0 Inflate the Lungs During Inspiration Only 


dog 

number 

4. 


TIME 

(hours) 

ot 

1 

2 % 

0 

1 

2 

0 

1 

2Vi 

0 


Averages 


cardiac 

INDEX 

(l./min./m 2 ) 

7.3 

5.5 

2.7 

5.9 

7.7 

5.2 

3.3 

4.9 
G.G 

5.1 

9.1 

2.7 
0.5 

5.2 
4.5 

9.1 

7.7 
7.7 

12.7 

10.5 

5.4 

7.1 

7.2 

5.4 




BUFFER 


PC0 3 

BASE 

PH 

(.MM. JIG.) 

(MEQ./L.) 


BUFFER ARTERIAL 

BASE PRESSURE 

(MEQ./L.) (MM. HG.) 

44 100 

42 80-100 

38 80 

52 100 

49 100 

45 100 

52 110 

50 110 

50 110 

— 110 

49 100 

40 00 

42 100 

40 - 100 

41 100 

40 100 

50 100 

40 100 

• 41 100 

40 100 

43 100 

40 103 

47 100 

44 _ 03 

and the moment before 


open thoracotomv m? enc * of tlle Preliminary equilibration period and the moment before 

open uioracotomy and positive pressure respiration were established. 

the respiratory pressures were altered. In the CPP group, the mean increase in 
aiuicular pressure was 5 cm. IL.O, and in the femoral pressure 4 cm. IPO. In 
experiments 9 and 10 in which the lungs were only partly inflated the largest 

Table II. Relationship of Venous Pressure Change to Increase in Respiratory 
Pressure Dnmvr top mn t,__ ___ ^ __ _ 



BOG 

| INCREASE IN 
RESPIRATORY 

1 INCREASE IN 
AURICULAR 

| CHANGE IX 

femoral-auricular 

SERIES 

PRESSURE 

PRESSURE 

venous pressure 

NUMBER 

(CM. IL.O) 

(CM. H.O) 

gradient 1cm. h-o) 


(lialf-inflatiou) 


2.5 to 5.0 


2.5 to 5.0 
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increase in central venous pressure, 9 to 10 cm. water, was reached. These ate 
not included in this average. In the IPP group, the mean mcrease o 3 cm. 
H.0 in central venous pressure was accompanied by an equal mcrease m fcmoia 
venous pressure. Changes in venous pressure gradient m md.vidual dogs could 
not be correlated with changes in cardiac output.* . 

Study of the electrocardiograms in three leads disclosed no sigm can 
alteration in conduction, electrical activity or in the mechanism of the heart¬ 
beat. 



• CONTROL 

* CONTINUOUS POSITIVE PRESSURE 
o inspiratory POSITIVE PRESSURE 

Fig. 4.—Arterial blood pCO: (mm- Hg) in the three groups of dogs at three phases of the 
experiment (as described in the legend of Fig. 3). 


B. Respiratory Effects (Tables I, A, B, C).—Arterial oxygen saturation 
remained above 95 per cent in all dogs except for four in the CPP group in 
which the values lay between 87 per cent and 91 per cent. 

Arterial pC0 2 (mean initial values 39 to 44 mm. Hg) remained unchanged 
in the control dogs, but rose to extreme values during CPP respiration (Pig. 4). 
The av erage arterial pC0 2 at the end of the period of CPP respiration was 107 

•The pressure determined in any selected vein is but a sample of a “peripheral venous 
Pressure/’ and cardiac output cannot be expected to be strictly proportional to changes in 
femoral vein—right auricular gradient. Furthermore, the pressures recorded are mean pres¬ 
sures, so that a zero gradient need not mean zero flow. Forward flow will continue in those 
Phases in which the gradient is positive, while backflow during phases of negative gradient is 
prevented by the venous valves. 
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mm. Hg in the nine dogs maintained at full lung inflation, and was 150 mm, 
Hg in the two dogs whose lungs were half inflated. During IPP respiration, in 
contrast, there was little or no C0 2 accumulation.® 

Acidosis of severe degree developed regularly during GPP respiration (Pig. 
5). The arterial pH dropped from the mean initial value of 7.36 to a mean of 
6.97 by the end of the period of CPP respiration. In one dog the pH dropped 
from 7.45 to 7.10 and the pC0 2 rose from 37 to 82 mm. Hg within fifteen minutes 
of CPP respiration. Another animal reached a pH of 6.75 and a pC0 2 above 
200 mm. Hg within one and one-half hours. In most animals metabolic acidosis 
accompanied the respiratory acidosis which developed during CPP respiration 
(Pig. 6).f The average buffer base level declined from the control value of 



0 INSPIRATORY POSITIVE PRESSURE 

Eig;. 5. Arterial blood pH in the three groups of dogs at three phases of the experiment (a. 

described in the legend of Figr. 3). 


45 meq. per liter to 30 meq. per liter by the end of the experimental period. In 
no instance was there evidence of an increase in concentration of fixed base 
which might have been, interpreted as a compensatory change in response to 
respiratory acidosis. The degree of decline in cardiac output could not be cor¬ 
related with the degree of acid-base disturbance. 

IPP respiration throughout the period of open-chest observation prevented 
any significant change in blood pH. 


♦The IPP instrument can produce marked overventilation and CO: depletion if n ?A®A,i 
trolled by the dog's respiratory rnythm. In two discarded experiments an elec.rode 
to a nostril was used to initiate inspiration. This proved to be oversensitive to exwaueu 
movement and overbreathing was produced, so that arterial pCO: fell below 11 mm. ng. a** 
the arterial pH rose to 7.6. The cardiac outputs of these two dogs remained normal. 

tMild metabolic acidosis was observed in a number of dogs at the time of the: Initia 
blood sample. Metabolic acidosis may be attributed to ether anesthesia in dogs, 11 ' *- annum,* 
apparently not in man. 11 
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In three supplementary experiments an effort was made to correct the 
respiratory acidosis of CPP respiration by brief periods of repeated emptying 
and filling of the lungs, such as might be done manually by an anesthetist. In 
Dl, the lungs were allowed to empty and were then reinflated; this cycle A\as 
repeated four times in immediate succession. Emptying proceeded so slowly 
that ventilation was further impaired rather than improved, and the acidosis 
which had been mild (pH 7.2, pC0 2 45 mm. Hg) was intensified (pH 7.05, 
pCO, 70 mm. Hg). In D2, after an hour of CPP respiration, the pH was 7.0 
and the pC0 2 106 mm. Hg. During a subsequent ten-minute period of IPP 
respiration, using the device herein described, these values remained unchanged. 
In D3, CPP respiration was interrupted and the lungs partially deflated and 
inflated twice every fifteen minutes. Nevertheless, severe respiratory acidosis 
developed within an hour (pH 6.92, pC0 2 116 mm. Hg). 



Hastirif' 6 -T“T ria! i ial diagram of pH. pCO:, and bicarbonate concentration adontcd from 
stings and Stemhaus.’" The broken line indicates the path of uncomplicated CO? increase' 

contrro h ^v. solid /? ircle represents the average of control values. No change occurred during 
^Piration Ser ^ tlon v The open c rcles indicate the average of values before and »fter "pp 

PM? jwsrked'acMo's^and 1 " CO-^accunfuhition^'are 6 denoted/'^'The kdevkrtion^of^the CPP 
dicatel 0 & metabolic' compcmenh ‘° “' e ° f complicated 


DISCUSSION 

In intact animals undergoing positive pressure respiration, reduced ventila- 
l0u 1S less critical than the interference with circulation consequent to elevation 
? llvtra Pulnionary and intrapleural pressure.” 30 In tile open-chest animal 
'owever, the rise in intrapleural pressure is limited, so that the decline in 
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ventilation is the most obvious adverse effect of continuously maintained posi¬ 
tive respiratory pressure. But cardiac output also falls and to a greater degree 
than might be expected on the basis of the intrapleural pressure change alone. 3133 
Since the decrease in cardiac output is greater during CPP (continuous positive 
pressure) respiration than during IPP (inspiratory positive pressure) respira- 
tion, the level of intrapleural pressure, which is presumably the same in both 
(open-chest), is not the only controlling factor. Hence the mean level of intra- 
pulmonary pressure also influences cardiac output in these circumstances. An 
increase in intrapulmonary vascular resistance 10 ’ 34 is suggested by the greatei 
increase in right auricular pressure during CPP respiration.* 

The CPP animals might have been expected to have the higher cardiac out¬ 
puts because of the exaggerated respiratory effort accompanying C0 2 accumula 
tion, and because acidosis as well as C0 2 accumulation are said to increase 
cardiac output. 30 ’ 37 The observed contrary effect is not attributable to a gieatei 
degree of tachycardia 38 nor was there evidence of plasma volume loss oi m 
adequacy of “effective venous pressure.”! Since respiratory motion pioduces 
blood flow even in the absence of heartbeat, 42 its absence during CPP lesp™ 
tion may partially account for poorer circulatory function than during 
respiration. Except for this pumping action, the favorable effect of 
respiration upon the circulation should probably be attributed to the °') ei 
mean intrapulmonary pressure, rather than to the intermittency of the posi |U; 


pressure application. 

The arterial pressures observed during CPP experiments were piesuma > 
the resultant of the opposing effects of high C0 2 tension 43 and reduced car ia 
output. Poor tolerance of blood sampling was manifested by animals vviti o\\ 
cardiac output, whether the arterial pressure was normal or low. . 

Open-chest animals with lungs maintained in continuous inflation ( ^ 

have so little tidal exchange that the elimination of C0 2 is inadequate. y e 
respiratory acidosis results, but the cause of the accompanying meta 
acidosis is obscure. The lowered cardiac output may produce tissue a110- ' 
and reduced renal function, with a resulting accumulation of lactate, pyiu va 
phosphate, and sulfate ions, but the reduction in buffer base is greatei than 
observed degree of peripheral vascular disturbance can account for. 

• Allowing the lung to collapse completely and then refilling it with 0X J° e ^ 
is not an effective technique of clearing respiratory acidosis and may ma ie 
worse. Periodic partial emptying and reinflation of the lung at interva s o^ 
fifteen to thirty minutes, such as is commonly done by the anesthetist mll *° 
open-chest surgery, does not prevent C0 2 accumulation. Even a lettun 0 
effective ventilation does not correct respiratory acidosis as rapidly as it 
velops. This may be because intracellular changes which have occurred duim 0 
the period of C0 2 accumulation are not immediately responsive to reduction m 
alveolar C0 2 tension. A similar delay in improvement, indeed an initial in 


•However, partial collapse of the lungs also produces high pulmonary vascular re ista 9 
mPhest auricular pressure in the current experiments were found in .the 
T ini whose lungs were allowed to remain half collapsed at low respiratory press . 

atl +The "effective venous pressure" is defined" as the pressure ava ,*|?:K® D feS r f“/“pressure” 

K. a AS JSSf Sf S8S 
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crease in acidosis, lias been observed during resuscitation following experimental 
asphyxia. 43 Phasic interruption of the applied respiratory pressure to permit 
free exhalation (IPP) maintains effective ventilation throughout the open-chest 
period. 

The human subject appears to withstand prolonged open-chest surgery 
uuder a form of positive pressure respiration which is poorly toleiated by the 
dog. With a unilateral thoracotomy he ventilates somewhat better than the dog, 
in which the flimsiness of the anterior mediastinum prevents any expansion of 
the contralateral lung. This advantage may 4 " or may not 4, be reduced in the 
lateral position, in which expansion of the intact hemithorax is limited by the 
patient’s weight. In the prone position a congested or relatively inelastic 
human lung requires little or no positive respiratory pressure to maintain 
partial expansion. This may reduce the disturbance of circulatory dy namics 
hut it should not improve ventilation. It has recently been shown that a severe 
degree of respiratorv acidosis may indeed develop within two hours of human 
open-chest surgery 44 - 4 ' J and that this is accompanied by an unexplained metabolic 
acidosis. Respiratory acidosis is less likely to occur when the patient is supine, 
or suspended by the shoulders and pelvis in the prone position so that the thorax 
hears no weight, than in lateral or simple prone position. 50 - 51 The level of 
anesthesia also plays a part, for respiratory acidosis may be observed during 
deep narcosis for operations other than thoracotomy'. 32 The transfusion therapy 
routinely applied to compensate for blood loss and surgical trauma probably 
also tends to correct the decline in circulation resulting from positive pressure 
respiration, but the degree of circulatory inadequacy which remains is not 
known. Elevation in arterial pressure produced by the increase in CO- tension 
may give a falsely favorable impression of the state of the circulation. The 
ordinarily transitory rise in pulmonary arterial pressure and fall in cardiac 
output accompanying ligation of a major pulmonary artery 53 - 54 may be ac¬ 
centuated by positive pressure respiration. The human heart is less able to 
tolerate severe acidosis than is the dog’s heart, as judged by electrocardiographic 
evidence. 35 Our studies agree with those of others in not finding EGG changes 
in the CPP dogs, 55 - 54 but evidence of myocardial damage has been found to 
accompany severe C0 2 acidosis in well-oxygenated patients. 55 Respiratory 
acidosis during cardiac surgery has been reported to increase susceptibility to 
acute arrhythmias. 37 C0 U accumulation produces a marked rise in cerebro¬ 
spinal fluid pressure. 55 It is apparent, then, that continuous lung infl ation 
is not entirely satisfactory for clinical intrathoracic surgery and may' account 
lor a number of adverse reactions. 

Mechanically imposed ventilation is applied during open-chest surgery in 
a number of clinics. 59-03 Manual compression and release of the breathing bag 
throughout the procedure may prevent respiratory acidosis. 50 Controlled respira¬ 
tion, whether accomplished manually or by automatic device, in the absence of 
continuous and precise monitoring of arterial blood CO- pressure, pH and 
oxygen tension is unlikely to be as responsive to the patient’s needs as spon¬ 
taneous respiration. The apparatus herein described is under the control of the 
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subject’s respiratory center. The data presented indicate, for dogs at least, 
that the performance of the respiratory center remains satisfactory under light 
ether anesthesia. 

SUMMARY 

Continuous inflation of the lungs of open-chest dogs for a period of two 
hours or less is usually accompanied by a substantial decline in cardiac output 
and the development of respiratory acidosis of severe degree. These adverse 
effects may be minimized or avoided by interrupting the positive respiratory 
pressure to permit passive exhalation against atmospheric pressure. A device 
is described which applies positive respiratory pressure during inspiration only, 
and which is controlled by the animal’s own respiratory rhythm. 
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SUCCESSFUL REMOVAL OF TUMOR OF THE HEART 
Elmer R. Maurer, M.D. 

Cincinnati, Ohio 

T UMORS of the heart, both primary and metastatic, are comparatively rare. 

Accor din g to an excellent review ox the subject by Prichard 1 in January, 
1951, approximately 500 metastatic tumors of the heart and 415 primary ones 
have been reported in the literature. Of the primary tumors, 112 were sar¬ 
comas, and 303 were benign lesions. According to Prichard, 1 who quotes from 
Martin's report of 1929, only twenty-one lipomas are included in the series of 
benign primary cardiac tumor cases. A review of Martin s 2 publication, how¬ 
ever, reveals that only one incidence of lipoma of the heart was presented 
therein by the author. Twenty additional cases of lipoma were referred to in 
the literature, but were not confirmed by bibliographical references. 

A second case report of lipoma of the heart, in a 7-month-old baby girl, 
was described by Brewis 3 in 1905. At necropsy, a "fatty tumor - ’ was encoun¬ 
tered arising from the interventricular septum. The tricuspid valve was ob¬ 
structed by the portion of tumor which protruded into the right ventricle. As 
accurately as could be determined, only two proved cases of lipoma of the heart 
have been reported. Xo lipoma of the heart has been diagnosed ante mortem, 
nor has one been successfully removed by operation. Of the 303 benign tumors 
of the heart reported in the literature, only five were diagnosed before death 
of the patient. 

Successful surgical removal of a cardiac tumor is exceedingly rare. Only 
one instance has been recorded by Beck 1 in 1942. Two patients, according to 
Beck, were operated upon successfully, but in ordy one instance was a true 
tumor removed. The first operation was performed in two stages, in 1934 and 
1936, upon a white man 22 years of age. An intrapericardial teratoma, which 
arose from the right ventricle and was intimately adherent to the aorta, pul¬ 
monary artery, vena cava, and right inferior pulmonary vein, was successftdly 
removed. The second operation was performed by Beck in 1940 upon a 39- 
>ear-old white man. A calcified cyst, without any pathologic evidence of true 
neoplastic formation, was removed from the left ventricular wall. Both pa¬ 
tients survived and did well after surgery. Xo other reports of the successful 
lemoval of a cardiac tumor have been encountered in this author's review of 
the literature. 

In 1941-1942, Gebauer 5 attempted, in three stages, operative removal of a 
wratoma and cyst from the heart of a 12-year-old girl. Unfortunately, the 
Patient expired on the operating table because of uncontrollable hemorrhage 
trom a perforation in the aorta, produced inadvertently during the application 
m a cla mp across the rumor pedicle. 

Received for publication Oct. 17, 1951. 

From the Department of Surgery, Cincinnati General Hospital. 


480 


THE JOURNAL OP THORACIC SURGERY 


4 he following ease report is presented because of the extreme rarity of 
the lesion involved, the unusually large size of the tumor ( 31/2 pounds), and 
because it is the first recorded instance of successful surgical removal of a 
primary lipoma of the heart. 

CASE REPORT* 

C. D., A 44-year-old white man, was first seen by Dr. Henry F. Kulle of Cincinnati, be¬ 
cause of bleeding from the rectum, easy fatigability, and vague discomfort over the an- 
tenor chest, there was.no history of cardiac decompensation, cough, hemoptysis, or remote 
pulmonary disease. Fluoroscopic examination of the patient’s chest by Dr. Kulle showed the 
cardiac silhouette to be greatly enlarged in all directions. 

The patient was admitted for further study to the Good Samaritan Hospital of Cin¬ 
cinnati on July 10, 1951. 



Fig". 1. Fig. 2. 

tigs. 1 and 2. Posteroanterior and lateral projection roentgenograms showing enlargement of 

the cardiac silhouette. 


I hysical Examination .—The patient was a well-developed, moderately obese white 
man, who did not appear to be in any acute or chronic distress. The temperature was normal, 
blood pressure was 110/80, and the pulse 85 per minute. No arrhythmias nor paradoxical 
pulses weie noted. There was no distention of the neck or thoracic veins, which would suggest 
any elevation in the venous pressure. The arm veins emptied rapidly on elevation. The 
lungs were entirely clear to percussion and auscultation, and the breath sounds were somewhat 
distant. No adventitious sounds were audible. The heart sounds were of good quality, hat 
were somewhat muffled and distant. The apex impulse was difficult to locate by palpation. 
There seemed to be very marked enlargement of the cardiac diameter by percussion. The 
rest of the physical examination revealed entirely normal findings. 

Roentgenograms .—Preliminary roentgenograms of the chest, posteroanterior and right 
lateral projections (Figs. 1 and 2), showed enlargement of the cardiac silhouette in all 
dimensions, particularly to the right of the midline. Barium studies of the entire gastro¬ 
enteric tract revealed no evidence of organic lesions. 


*The author is indebted to Dr. Henry F. Kulle for permission to publish this case report. 
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An electrocardiogram made on July 12, 1951, revealed essentially normal findings, ex¬ 
cept ior prolongation of the aurieuloventrieular conduction time to a high normal, and 
moderate left axis deviation. The tracing was thought to be within normal limits. 

Laboratory examinations, including urinalysis, complete blood cell counts, and herno- 
globin determinations, revealed normal findings. 

An angiocardiogram (Fig. 3) performed on July 11, 1951, with 70 per cent diodrast. 
showed excellent tilling of the intlow truer, including the superior vena cava, right auricle, 
and a portion of the right ventricle. Some dye was also seen in the left side of the heart. 
The greater portion of the density seen on the posteroanterior projection roentgenogram of 
the chest appeared to be due to an extraeardiae tumor or cyst, which was not attached to the 
heart. A provisional diagnosis of pericardial eoelomie cyst was made. Twenty-four hours 
preceding operation, the patient received S- R. penicillin. 400,000 units, and one-half gram 
of streptomycin hypodermically, every twelve hours. 



Fig. 3.—Angiocardiogram showing excellent filling of the inflow tract and the extracardiac 

location of the tumor. 


lateral 


Operation. —July 14, 1951, at Good Samaritan Hospital. With the patient in the left 


prone position and under endotracheal gas, oxygen, and ether anesthesia, a curved peri- 


=;apular incision was made over the right side of the thorax. The sixth rib was sub- 
pcnosteally resected in its entirety, and the pleural cavity was entered through the rib bed. 
The lower and middle lobes of the right lung were adherent to the pericardium and diaphragm 
h.- numerous broad adhesions, which were divided by sharp dissection. The pericardium was 
extremely thin, transparent, and distended to approximately ten times normal dimensions, so 
'hat it bulged into the right chest. A normal-sired phrenic nerve eonrsed in the usual ana¬ 
tomic position, over the outside of the pericardial sac. Through the thin, transparent peri¬ 
cardial wall, numerous coils of yellowish gray tissue could be seen, which on first inspection 
ooxed not too much unlike loops of intestine. As soon as it was determined that manipula- 
t'on of the heart would be necessary, the patient was given 20 c.e. of 1 per cent procaine 


bv 


intravenous drip, to decrease the sensitivity of the heart, and to prevent arrhythmias dur- 
“ s manipulation. A longitudinal incision was made in the pericardial sae anterior to the 
P tenie nerve, and the sac was opened widely. Almost immediately, numerous large loops and 
cods or adipose tissue bulged into the right chest. The entire tumor was completely de- 
‘Xcred down to a common stalk, which was attached to the anterior surface of the" left 
Xcatriele, over a circular area which measured approximately 4 by 4 era. in diameter. At 
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this point in the operation, it was obvious tiiat the lesion was a massive lipoma, arranged in 
loops and coils, and arising' by a common pedicle from the left ventricular wall. The point 
of attachment of the lipoma to the ventricular wall was separated without too much difficulty, 
by alternate sharp and blunt dissection. As nearly as could be determined, the tumor arose 
from the superficial layer of the myocardium beneath the epieardium, and penetrated the 
myocardium for a distance of several millimeters. Following the separation of the tumor 
pedicle, there was a moderate amount of brisk bleeding from the surface of the heart. 
Persistent bleeding from one moderate-sized vessel was controlled with warm moist com¬ 
presses, rather than suture ligature, because of the proximity of the bleeder to the coronary 
artery. Approximately 150 c.c. of blood accumulated, as a result of the bleeding from the 
amputation site. During the course of the operation, the chamber of the heart was not 
entered. Examination of the interior of the tremendously dilated pericardial sac showed 
it to be in continuity and without any' connection with the abdomen or contralateral liemi- 
thorax. Grossly, the heart appeared to be entirely normal. The superior vena cava was 
not dilated and showed no evidence of previous obstruction. 



Fig. -1,—Posteroanterior projection roentgenogram of the chest showing return of the car 
silhouette to normal size following removal of the tumor. 

It was the author's impression that the easy distensibility of the pericardial sac a^ 
the slow growth of the tumor presumably accounted for the absence of venous obstruction a 
elevated venous pressure. The interior of the pericardial cavity was irrigated thoroug 
with saline solution, and was then aspirated dry, following which procedure the incision^ 
the pericardium was closed with interrupted sutures of medium silk. A small win ow, 
to four centimeters in diameter, was allowed to remain in the inferior portion of the P®^ 
cardial incision, to permit drainage of the pericardial cavity into the right chest. - 1 
point in the operation it was noted that the right phrenic nerve had been inadverten 
crushed by a clamp, which had been placed along the margin of the pericardial incision^ 
retraction. This resulted in partial paralysis of the right, diaphragmatic leaf. The rigi 
chest was lavaged with saline solution, and was then aspirated dry, following wine i P*^ 
cedure the right lung was re-expanded by positive pressure and manipulation. The. c * e9 
wound was closed by interrupted medium silk sutures, which were applied to the perios ea 
rib bed, intercostal muscles, chest wall, muscles, fascia, and skin. A dry sterile dressing was 
then applied, and the patient was returned to his room in good condition. 
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Following the operation the patient had a very uneventful course. He was ambulatory 
by his second postoperative day, and was discharged from the hospital, with the wound 
healed, on the ninth postoperative day. 

When seen in a follow-up examination, two and one-half months after the operation, 
the patient was entirely without complaints, except for some discomfort over the anterior 
portion of the chest wound. There was no complaint of dyspnea, palpitation, or precordial 
discomfort. A roentgenogram of the chest made two months following the operation (Fig. 4) 
showed the cardiac silhouette to be approximately normal in size. The right lung was com¬ 
pletely re-expanded, and there was no evidence of effusion. The right diaphragm remained 
partially elevated, as a result of the phrenic nerve crush at the time of operation. 

Pathology. —Grossly, the tumor consisted of numerous coils and loops of fat tissue, 
which arose from a common stalk or pedicle (Fig. 5). The fresh specimen weighed 3.5 
pounds. Microscopic examination re\ealed typical fat cells, with irregular limits (Fig. 6). 
There was no evidence of malignant degeneration in any portion of the tumor. 

D ia g nos is .—Li poma. 


Fig. 


Photograph of gross specimen. 


Arrow indicates point of attachment 
heart. 


of tumor to the 



DISCUSSION 


Primary lipoma of the heart is a pathologic rarity. In a review of the 
literature only two authenticated cases are recorded. There seems to be no 
record in the past of successful surgical removal of a cardiac lipoma. A studv 
01 tlle ease reports indicates that this is the largest primary tumor of the heart 
e\ er reported, including all varieties. 

A more accurate preoperative diagnosis could possibly have been made by 
utilizing a diagnostic pneumopericardium, as suggested by Leubsehitz, Lund- 
S een ’ and Forehhammer. 6 The use of a preoperative diagnostic pneumoperi¬ 
cardium was discussed but finally decided against, because of the history and 
angiocardiographic findings, which suggested a pericardial coelomic evst In 
trospeci an artificially indueed pneumopericardium before the operation 
°ffld undoubtedly have settled the issue. 
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Not encountered in the case reported were certain classical symptoms and 
signs of tumor of the heart, such as decompensation developing without demon¬ 
strable cause and proving absolutely refractory to treatment, arrhythmias, 
failure of conduction as demonstrated on the electrocardiogram, and hemor¬ 
rhagic pericardial effusion. 

The prognosis in cardiac tumors is bad, as a rule, even in the case of benign 
tumors. There are, however, cases on record, in which symptoms of intracardiac 
myxomata were present for many years, as in the example reported by Strouse' 
in 1938. The duration of the disease in this instance was forty-three years. 



Fig-. G.—Microphotograph of the removed tumor. Typical fat cells are apparent "*tl 

evidence of malignant change. 

There are several reports, also, of the incidental finding at necropsy, of beiii„n 
•tumor of the heart, which had been, clinically, completely or almost complete) 
silent. Such cases were reported by Arneson 8 in 1925 and by Gold berg" in U- • 
In both instances, the tumor was a fibroma in the atrium. As a rule, maligmm 
cardiac tumors run a comparatively brief course, and the outcome is invana } 
fatal. 

The general feeling of the futility of treating primary tumors of the heal 
is not borne out by experiences during recent years, with the roentgenologic anc 
operative treatment of these lesions. In 1937, Popp 10 reported a case of sarcoma 
of the right atrium, in which the symptoms improved, following x-ray radiation 
therapy instituted for the purpose of diagnosis. In 1940, Shelburne and Aion- 
son 11 described a case of metastatic myeloblastoma in the heart, which was diag¬ 
nosed by heart block and pericardial exudate, containing tumor cells. Follow¬ 
ing x-ray radiation therapy, the roentgenologic picture returned to normal, the 
heart block became partial on the electrocardiographic examination, and t ie 
patient was symptom free for many months, until metastases appeared in ot id 
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organs. In 1940, Hsiang, Fzutu, Hsielin and Lien, as quoted by Leubsehitz, 
Lundsteen and Forchhammer, 8 also described the good effects of roentgen treat¬ 
ment in a metastatic cardiac tumor, which had arisen from a primary reticular 
sarcoma of the nose. In this particular instance, the roentgen picture, which 
had shown an enlarged heart shadow with kymographie signs of exudate, became 
normal following the roentgen treatment. The extremely low mortality rate 
attending exploratory thoracotomy, the availability of the modern antibiotics 
and the intriguing possibilities of intracardiac surgery, which might become 
possible following the clinical use of extracorporeal heart and lung machines 
now on the horizon, should make possible, in the near future, the surgical re¬ 
moval of a very large number of benign tumors, such as myxomata. 

Myxomas comprise the bulk (50 per cent) of the benign tumors commonly 
encountered in the heart. They are most usually pedunculated, and they arise 
from the endocardial surfaces of the auricles, so that they would be particularly 
amenable to surgical removal. 

SUMMARY .VXD COXCLUSIOXS 

1. A successful surgical removal of a primary lipoma of the heart is re¬ 
ported. As nearly as can be determined, this is the first report of a successful 
removal of a primary lipoma of the heart and the second instance of a success¬ 
ful removal of a tumor of the heart, including all varieties. 

2. The tumor in the case presented is the largest primary one, malignant 
or benign, which has been found reported in the literature to date. 

3. Primary lipoma of the heart is a pathologic rarity, only two proved eases 
having been reported previously. 
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SURGICAL TREATMENT OP EPIPHRENIC DIVERTICULUM OF 

THE ESOPHAGUS 

Review op Literature and Report of Case Treated by Resection and 

Esophagogastrostomy 

Michael E. DeBakey, M.D., and Oscar Creech, M.D. 

Houston, Texas 

D IVERTICULA of the lower portion of the esophagus are relatively un¬ 
common, whereas those located in the terminal portion just above the dia¬ 
phragm, termed supradiaphragmatic or epiphrenie diverticula, 38 are even less 
frequently encountered. In a review of the literature up to 1933, Granet "as 
able to collect forty-nine cases, only thirty-one of which he accepted as pioiec 
cases of epiphrenie diverticula. Vinson, who reviewed the records of the Majo 
Clinic up to 1934, discovered forty-two cases of diverticula of the thoiaeic 
esophagus, twenty-four of which were located in the lower third; less than ha 
of these patients were considered to have symptoms that could be definite} 
associated with the diverticulum, a fact which indicates another reason " >3 
they are infrequently encountered as clinical problems. In an analysis of 1, 
patients admitted to the Outpatient Department of Massachusetts General os 
pital because of dysphagia, Macmillan found less than one per cent due 0 
diverticula of the thoracic esophagus. Further evidence of the rarity o t us 
form of esophageal diverticulum is found in its relative incidence in comparison 
with the pharyngoesophageal type. Thus, Harrington encountered only mg ' 
cases of the epiphrenie type during the same period that he treated surgica 3 
216 patients with pharyngoesophageal diverticula, and Laliey 26 reported a some 
what similar experience with six cases of the former to 211 of the latter tjpe- 
The paucity of the literature on the surgical management of epiphienic 
diverticula of the esophagus is a further reflection of their infrequent oc 
currence, at least as clinical problems. Even as late as 1949 Poppe and Beig, 
in a report of a case of a patient successfully treated by diverticulogastnc 
anastomosis, stated that in their review of the literature they had been a e 
to find no previous report of the successful application of this method of tieat 
rnent and only one case of successful resection. Although a more carefiil review 
of the literature has disclosed a number of previously recorded cases in wind 
both of these methods of treatment had been successfully applied, there is 
nonetheless a dearth of reports on the surgical management of this type o 
esophageal diverticulum. For these reasons, and because no report has been 
found of the clinical application of the technical procedure used in the case to 
be described, a brief review of the surgical considerations of epiphrenie divei- 
ticula of the esophagus seems desirable. 

These diverticula are generally considered to be of the pulsion type re¬ 
sulting from herniation of the mucous membrane through the muscular wa , 
probably in an area of congenital weakness, although the etiology is still oi- 

Received for publication Oct. 22, 1951. . 
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seure. The opening of the pouch is usually located in the posterior wall, more 
often directed toward the right than the left side, about 5 to 10 cm. above the 
cardia. The wall is composed of mucosa, submucosa, museularis mucosa, and 
an. outer fibrous layer of varying density. Infiltration of the wall of the sac 
with inflammatory cells is common, and the mucosa may become ulcerated. As 
the sacculation increases in size, it tends to assume a more dependent position 
in relation to the esophagus with distortion, angulation, and partial obstruction 
of the esophagus distal to the opening of the pouch. Accordingly, food passing 
down the esophagus tends to be shunted into the pouch. Cardiospasm has been 
considered a frequently associated factor and even of etiologic significance by 
some, 7 - 19 - 33 - 35 - 37 - **• 13 but we, like others, 2 - 20 - 21 ■ 34 doubt this relationship, since 
diverticula are rarely found in patients with cardiospasm or achalasia. Prob¬ 
ably the commonest complications are inflammation of the wall of the diverticu¬ 
lum, ulceration, and associated esophagitis, but perforation, hemorrhage, and 
malignancy have occasionally been encountered. Stricture of the esophagus 
distal to the diverticulum, which in the case to be described was largely re¬ 
sponsible for the severity of symptoms, is not an unlikely complication in view 
of the progressive distortion and obstruction of the esophagus by the diverticula 
and the consequent prolonged esophagitis and spreading chronic inflammatory 
reaction. 

Until rather recently most authors writing on this subject advocated con¬ 
servative treatment because most patients had few or no symptoms, and opera¬ 
tion was associated with considerable risk. It is now generally agreed, however, 
that surgical treatment is the method of choice and should be considered in all 
esophageal diverticula-produeing symptoms. The surgical procedures that have 
been employed in the treatment of epipln-enic diverticula may be classified into 
lour categories: (I) anastomosis between the sac and the stomach, (2) extirpa¬ 
tion of the sac, (3) diverticulopexy, and (4) inversion of the sac. Historically, 
anastomosis between the diverticulum and the stomach was the procedure ad¬ 
vocated, having been proposed in 190S by Lotheissen, although Gosset, in 1903, 
had suggested this procedure for strictures of the cardia and had demonstrated 
its feasibility in cadavers and dogs, using a transpleural approach. In a sub¬ 
sequent publication Lotheissen 29 referred to a ease in which this procedure was 
done using an abdominal transdiapliragmatie approach. Other German sur¬ 
geons 15 - 17 - ==■ h ave employed this type of operation with apparently good re¬ 
sults, while Henschen has been credited with the report of the first successful 
case in which this operation was done from above the diaphragm. Sauerbruch 41 
advocated performance of the procedure in two stages, the first consisting of 
thoracotomy with mobilization of a portion of the fundus of the stomach through 
an opening in the diaphragm and suturing it to the diverticulum, and the second 
stage, done four weeks later, to complete the anastomosis. More recentlv two 
reports of its successful application have appeared in the American medical 

literature. 31 - 35 

Extirpation of the diverticulum was first performed by Enderlen, in 1910 
ut the patient succumbed; Stierlein had a similar experience in 1916. Clair- 
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mont, in 1924, is believed to have performed the first successful extirpation 
using an abdominal transdiaphragmatic approach. The year before, however, 
Sauerbruch, 30 in describing a new method of exposing the posterior mediastinum 
to reach the esophagus, which he termed transpulmonary exposure of the 
esophagus, reported a ease of perforation of an esophageal diverticulum into 
the lower lobe of the right lung successfully managed by staged operations. 
Several years later Sauerbruch 40 reported three successful cases, using an an¬ 
terior mediastinotomy approach in the first, posterior mediastinotomy in the 
second, and a transpleural approach in the third. This latter approach was 
used successfully by Meyer to extirpate an epiphrenic diverticulum, according 
to Torek in 1927. The transpleural approach for extirpation of the sac was also 
utilized successfully by Pick in 1929, and by Barrett in 1933, and the posterior 
mediastinotomy approach by Vos in the case reported by Quartero in 1931. 
More recently a number of surgeons 1 ’ 5> 8 ’ n * 16 ’ 20 ’ 2 “’ 43> 50 have reported favor¬ 
ably on their experience with this method, the procedure consisting essential!) 
in a transpleural approach through the right or left side, depending on the di¬ 
rection of the pouch, careful mobilization of the sac to expose its neck, complete 
excision, and repair of the opening in the esophagus by a two- or three-lav ei 
anastomosis with closure of the overlying mediastinal pleura. 

In an attempt to avoid the development of mediastinitis and empyema, 
which were the complications feared by the early effoi’ts to extirpate the sac, 
Lahey, 24 following the suggestion of others 18 ’ 23,27, 12 for pharyngeal diverticula, 
advocated and employed diverticulopexy. In this procedure the sac is carefully 
freed from its surrounding attachments and mobilized upward, and the fundus 
of the sac is fixed with interrupted sutures to the pleura in the paravertebra 
gutter so as to afford dependent drainage, 

Another form of surgical treatment designed to avoid infection from open 
ing the sac consists in inversion of the diverticulum. This procedure was fust 
employed for pharyngeal diverticula by Girard in 1896. It was also advocate' 
for thoracic esophageal diverticula by Torek, in 1927, who considered it the 
safest method. It was done by Turner 47 ’ 48 through a posterior extrapleura 
approach, but the pleura was accidentally injured and the patient subsequently 


died of pneumonia, empyema, and a bronchopleural fistula. 

Prom an analysis of these various methods for the surgical treatment o 
epiphrenic diverticula, it would seem that complete extirpation with propel 
repair of the opening in the esophagus is the method of choice, since it usually 
achieves the ideal objective, that is, removal of the lesion and restoration of 
normal anatomy^ and function. This objective, however, cannot ahvays be 
achieved by r this method, owing to certain pathologic changes consequent to 


long-standing ulceration, esophagitis, and stricture formation which may r ex¬ 
tend beyond the neck of the diverticulum to involve the segment of the esophagus 
just distal to the pouch. Such a condition was encountered in the case to he 
described herein. Under these circumstances it would appear that resection 
of the lower portion of the esophagus including the diverticulum and eardia o 
the stomach followed by esophagogastrostomy provides a practical method for 
dealing with this condition. Experience with this technique in the treatmen 
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oi other lesions oi the esophagus has demonstrated its safety and efficacy. Since 
no reports of the clinical use of this form of surgical treatment for epiplnenic 
diverticula have appeared in the literature, it seems desirable to direct attention 
to its employment under these circumstances by presentation of the following 
ease. 

REPORT OF CASE 

J. B. T., a white mail, aged 59 years, was first seen on Sept. 13. 1949, with a history of 
difficult v in swallowing of nine vears' duration. Ingested liquids and solid foods would 
• • hang up" beneath the lower end of the sternum, and oeeasionally he would vomit an hour 
or two after meals. The regurgitated food was foul smelling and extremely distasteful. 
He was frequently awakened at night by a "scratching sensation in his throat which 



*'fr 1 -—Oblique roentgenogram of the esophagus following ingestion of barium demonstrating 
ne diverticulum with dilatation and coiling of the esophagus above and narrowing below. 

provoked bouts of coughing. Soon after the onset of these symptoms he consulted a physician 
"ho, after barium study of the esophagus, made a diagnosis of diverticulum of the lower 
portion of the esophagus. This condition was treated conservatively with moderate relief 
ot symptoms; however, during the past year the symptoms had increased in severity and 
~onal roentgenograms showed the diverticulum to In’ enlarging. 

Examination revealed a well-nourished and well-developed white man with no oross 
abnormalities. An esophagogram disclosed a large diverticulum of the distal end of the 
feophagus arising from the left lateral wall just above the cardiac end of the stomach, 
j. re !ile diverticulum the esophagus was quite dilated and somewhat tortuous, whereas 
1 istal to it a definite narrowing could be demonstrated (Fig. 1). A diagnosis was made of 
epiphrenie diverticulum of the esophagus with stricture formation, and the patient was 
31 m *tted to the hospital for surgical therapy. 

On Sept. 15, 1949, under endotracheal nitrous oxide and ether anesthesia, with the 
Patient m the right lateral decubitus position, the eighth rib was reseeted subperiosteaUv. 
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and through its bed the left thoracic cavity was entered. Preliminary exploration confirmed 
the roentgenographie observation of a diverticulum protruding from the left posterior 
lateral wall of the esophagus just anterior to the aorta and immediately above the cardia. 
The mediastinal pleura was incised, and the lower third of the esophagus, including the 
diverticulum, was mobilized. The diverticulum was found to measure approximately 5 cm. 
in length and 3 cm. in diameter. The esophagus distal to the opening of the diverticulum 
and extending to the cardia appeared markedly constricted, with a firm thickened wall 
moderately adherent to the surrounding tissue. In the presence of this rather pronounced 
degree of chronic esophagitis and stricture formation, it was believed that diverticulectomj 
alone might not provide adequate relief of the obstructive symptoms. For this reason it 
was considered preferable to resect the segment of esophagus involved in the chronic in- 


.'1 



Fig. 2.—Drawing made from authors’ case showing Co) mobilization of J! on of 

diverticulum, cardia, and fundus of stomach after opening diaphragm, - nn i, a go- 

stomach just below cardia, (c) closure of the gastric stump, and (,d) beginning e v 
gastric anastomosis. 


flammatory process along with the diverticulum from just above the opening of tho pouc i 
to the cardia and restore continuity by esophagogastric anastomosis. The diaphragm ' 
divided from the esophageal hiatus anterolaterally for a distance of 8 cm. Through 1IS 
incision the fundus and cardiac end of the stomach were mobilized by division of the vasu 
brevia and left gastric vessels. After approximately the upper fourth of the stomach had ecu 
mobilized, it could be brought up into the chest without difficulty. Tho stomach was divi e 
at the cardia between Payr’s clamps, and the gastric stump closed with a running suture o 
000 chromic catgut followed by a row of interrupted Lembert sutures of cotton (Fig. ;■ 
The fundus of the stomach was pulled up into the mediastinum, and esopliagogastros omy 
was performed utilizing a two-layer anastomosis with cotton (Fig. 3). The stoma was 
constructed in the share of an L to increase its diameter.** The fundus of the stomac i 
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anchored to the mediastinal pleura and the d.aphragni dosed ^abour^ line for under- 

Pettar eatheto, «a. planed in the tntorapaoe .» «■« J 

— -" - 

""“llaatle. - .he g-~ -P— » ?£E£S2Z 

wall. Histologic examination revealed thiekem. 



— „ „ ._,*„ n<! i n technique of esophagogastrostoniy performed on 

.. Fl F* 3 -—Drawing showing step posterior row of sutures is placed between 

authors case continued from Fig. — ve> me r v ,» f the f un a us 0 f the stomach with 

5j? e^mvf- ior Wal1 °/ flSut^cra 3 along the left lateral margin of the esophagus. (/) The 
an extension upward for about — cm. ai_ s._.^ tn thi^ first row' of suture^. Dro- 

IuSth? 8 ? 3 yf nd Stomach are o^ne^ y inc of J the stoma. Co) Placement of inner row of 
aucing D-shaped openings to increase x . 1 / ? \ ti rQt lav^r of anterior sutures to ■nro- 

??dH e £ 0r J n , terrUpte< ? “t^ n f°m , £SSS S ed«S^ care being: takento pllce“sStlfres'so that kSSts 

Sweet. (0 "completion of anastomosis 

by outer layer of anterior sutures. 


diverticulum, but no evidence of anaplasia. The remainder of the mucosa for the most part 
"as artifactually absent; however, at one end there was glandular mucosa representing the 
eardia of the stomach. The smooth muscle layers were well developed in the wall of the 
esophagus, but were entirely absent in the wall of the diverticulum. Mild focal lymphocytic 
infiltration was seen tlirougbout the layers of the esophagus. The pathologic diagnosis was 
pulsion type diverticulum of the esophagus. 

The postoperative course was uneventful. The drainage catheter was removed on the 
third postoperative day, and small oral feedings were begun the fifth postoperative day. The 
diet was gradually increased, and the patient was discharged ten days after operation. 
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Following liis return home lie v;is able (o eat, without difficulty, and when examined approxi¬ 
mately one and one-halt years after resection of the diverticulum the patient was asympto¬ 
matic, and barium study of the esophagus at that time revealed an adequate and well¬ 
functioning esophagogastric stoma (Fig. -1). When last observed on Sept. 11, 1951, approxi¬ 
mately two years after operation, he was still well and asymptomatic. 



f1- Barium study one year after operation showing a normally functioning esopliagogastiic 

stoma. 

SUMMARY 

1. Diverticula of the lower esophagus, particularly those located in the 
terminal portion and termed supradiaphragmatic or epiphrenic diverticula, ate 
infrequently encountered. Although the pathogenesis of these diverticula lias 
not been clearly established, they are generally considered to be of the pulsion 
type resulting from herniation of the mucous membrane through the museulai 
wall, probably' in an area of congenital weakness. Symptoms are produced by 
the occurrence of certain complications, such as partial obstruction resulting 
from distortion and angulation of the esophagus or inflammation and ulceration 
with consequent stricture formation as in the case described, or from perfora¬ 
tion, hemorrhage, or malignancy. 

2. Surgical treatment is the method of choice and should be considered in 
all’esophageal diverticula-producing symptoms. From a review of the litera¬ 
ture the procedures that have been advocated and employed in the surgical 
treatment of epiphrenic diverticula may be classified into the following cate¬ 
gories: (1) anastomosis between the sac and the stomach, (2) extirpation of the 
sac, (3) diverticulopexy, and (4) inversion of the pouch. 
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3. Complete extirpation of the diverticulum with proper repair of tie 
opening in the esophagus is considered the method of choice. In the case re¬ 
ported this procedure was not considered satisfactory, owing to the presence 
of marked stricture formation of the esophagus distal to the diverticulum. Foi 
this reason, the procedure employed consisted in resection of the lower esopha¬ 
gus including the diverticulum and eardia of the stomach followed by esophago- 
gastrostoniy. Although no report has been found of the use of this procedure 
for this purpose, in light of this experience it is recommended as a practical 
method for dealing with this condition. 
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MISINTERPRETATION OF FINDINGS IX CA° F 
ANOMALOUS PULMONARY A EINb ADJACENT TO 
A MEDIASTINAL DERMOID CYST 

George E. Welch, M.D. • K. Alvix AIerexdino. M.D.. axd 
Robert A. Brfce, M.D. 

Seattle. AY ash. 

r yHE diagnosis of a mediastinal dermoid cyst is not always difficult uhen 
I there ^evidence of a progressively enlarging tumor mass in the anterior 
mediastinum in an individual in the third decade.*- 2 The recognition ot anom¬ 
alous pulmonarv venous drainage, however, depends upon special procedures, 
since there are no reliable physical signs by external examination or the chest. 
These procedures include direct inspection of the hilar vessels at eithei t le 
operating table 4 or the post-mortem table. 5 and demonstration by angiocardiog¬ 
raphy or bv the fortuitous intubation of one or more such veins during venous 
catheterization of the heart. 5 - «• Because the latter approach to a diagnostic 
problem provided information which was misinterpreted prior to exploraton 
thoracotomy, the following case is presented: 

C. M. J„ a 23-vear-old white Naval seaman, was referred for diagnostic studies for 
possible congenital cardiovascular disease. A routine chest roentgenogram oru mont 1 pre\i 
ouslv showed an enlarged cardiac shadow (Fig. 1). which was not apparent on a film taken 
five years earher (Fig. 2). The possibdity of a pericardial cyst was considered also. The 
patient had been asymptomatic except for occasional palpitations on exertion. He wa= 6 
feet. 3 inches tall, weighed 195 lbs., and appeared to be in excellent health. There was no 
evidence of evanosis, clubbing, venous distention, or edema. A slight precord.al bulge was 
present, but there was no marked intercostal pulsation and no thrill. On percussion the area 
Of cardiac dullness extended from the left midelavieular line to a point 4 cm. lateral to the 
right sternal margin in the third and fourth interspaces. The second pulmonic sound was 
accentuated, and there was a grade 2 systolic murmur along the left sternal border. There 
was no diastolic murmur. There was a sinus bradycardia with a rate of 5S per minute: the 
blood pressure was 135/SO mm. Hg. The remainder of the physical examination was normal. 

Chest duoroscopv. cinefluorography. and radiography revealed clear lung fields with ap¬ 
parently normal bron'ehovascular markings (Fig. 1). The transverse diameter of the heart 
was widened, however, due to a pulsating shadow wliieh extended to the right and anteriorly. 
It was continuous with the cardiac shadow and was observed to diminish in size with the 
Valsalva maneuver (Fig. 3). In the right anterior oblique view, it extended anteriorly to¬ 
ward the rib cage, thereby simulating an enlarged right heart. 

An electrocardiogram showed an intermediate position, or normal axis deviation, and 
sinus bradycardia of 55 per minute. There was no evidence of a conduction defect or 
ventricular livpertrophv. and the tracings were within normal limits. The hemoglobin con¬ 
centration was 15.1 Gm. per cent (Van Slyke determination). The urine was normal. An 
exercise tolerance test using a 10-minute step-test technique 12 was entirely normal: the physical 
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Table I 


LOCATION OP CATIIETEK TIP | 

O. SATURATION (%) 

| PRESSURES (JIM. HG) 

Superior vena cava 

73 

— 

Inferior vena cava 

82 

— 

Right auricle 

77 

MO* 

Region of the mass 

93 

22-25* 

Right ventricle 


30/2-5 

Pulmonary artery 

79 

2G/15 

Femoral artery 

9G 

__ 


•Variation in mean pressure with respiration. 



L...—J 

Fig. 1.—Chest roentgenogram of C. M. J. taken in December, 1950. Note the unusual co 
of the right border of the cardiac shadow. 

fitness index was 22.S. There were no abnormalities in the chest-lead electrocardiogram du 
the exercise. Venous catheterization of the right heart yielded the information notei 
Table I. 

Since the oxygen consumption was 320 ml. per minute, and the AV oxygen difference * 
37 ml. per liter, the cardiac output at rest was a high normal value of S.G5 liters per min 
The stroke volume was 129 milliliters. Total pulmonary resistance was estimated to be a 
157 dynes sec. cm.-s, whereas that of the periphery was about 90G dynes sec. cm. . 
tip of the catheter was inserted into an anomalous vessel entering the superior lena 
(Fig\ 4) where highly oxygenated blood was withdrawn. The mean pressure at this pm 
(22 to 25 mm. Hg) was higher than that observed for either the right auricle (7 to 10 mi 
Hg) or the left pulmonary artery (14 to 17 mm. Hg), and rose to GO mm. with perfonnaim 
of the Valsalva test. A somewhat damped arterial pressure pattern was recorded durm 0 
Miiller test, with a mean pressure of around 30 mm. Hg. Accordingly this vessel v as con 
sidered to be a communication with one of the systemic arteries. With moderate leg exercise , 
the pressure in the left pulmonary artery rose to 3G/1G mm. Hg. 
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The observations reported above confirmed the findings of the referring physician that 
the patient had an abnormal configuration of the heart by roentgenogram examination. The 
possibility of a pericardial cyst seemed unlikely because of the rather striking reduction in 
sire with the Valsalva maneuver, which was attributed to the effects of greater iutrathoraeic 
pressure on venous return to the heart. Insertion of the catheter rip into the region of the 



2. Chest roentgenogram taken in July. 1945. Despite the slight convexity of the right 
auricular shadow, it was considered to be normal. 
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mass during venous catheterization of the heart provided three observations of interest: 
there was an anomalous vessel entering the right auricle, it contained blood that was highly 
oxygenated, and the blood pressure was appreciably higher than that of the right auricle, 
increasing to 60 mm. of mercury with the Valsalva maneuver. The pressure pulse which 
was recorded graphically resembled an arterial pattern. Although the diagnosis was un¬ 
certain, the combined findings of physical and roentgenogram examinations, together with the 
cardiac catheterization indicated an arterioauricular aneurysm or an angiomatous tumor with 
an auricular communication. Because of the appearance and rapid enlargement of this mass 
within a five-year period (see Figs. 1 and 2), surgical exploration was considered mandatory. 

A right exploratory thoracotomy was carried out on March 22, 1951. Upon entering 
the chest, a large dermoid cyst was identified. It was attached to the pericardium o\er the 
right auricle and the ascending aorta by a broad pedicle. The mass (Fig. 5) was removed 
without untoward incident (Fig. 6). In order to explain the cardiac catheterization findings, 
a dissection of the pulmonary liilus was undertaken. The pulmonary venous drainage of the 



Fig-. 4.—Spot film of the heart taken during cardiac catheterization. No 
of the catheter in the region of the mass. Oxygen saturations and blood pressui 
Hg as indicated. 


the tip 
in mm. 


right lung consisted of three veins. A single large vein draining the right upper lobe ernp ie ^ 
directly into the superior vena cava approximately 8 cm. above the pericardial reflexion, 
smaller vein from the right middle lobe emptied anteriorly and directly' into the right aurw ^ 
The inferior pulmonary vein was noted to be in its normal position. No further a enl 
trace the course of this latter vein was made. 

The patient’s postoperative convalescence was uneventful. He was discharged on > 
twelfth postoperative day completely ambulatory' and without complaint. He has since re urn 
to full-time work. 


DISCUSSION 

Had not cardiac catheterization been performed on this patient, the pie 
sumptive diagnosis would have been dermoid or pericardial cyst. The histoiy 
of palpitations and the fluoroscopic evidence of a pulsating mass, as observe in 
this patient, have been described in previous eases of dermoid cysts. \ enous 
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pulsations and variations in density with either the "Valsalva or Muller experi¬ 
ments have not been striking by roentgenoscopie examination in patients with 
anomalous pulmonary veins.” The preoperative venous catheterization of the 
heart in this patient, however, provided information which was misinterpreted. 



a.—The mass measured 7 X 11 cm. The outer surface was golden yellow and 
Wi?rn". lat - n °dular. On section a cheesy material was present intermingled with hair, 
cvst COpic examination revealed only ectodermal elements. The final diagnosis was dermoid 
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us vas due to the fortuitous insertion of the catheter tip into one of the 
anomalous pulmonary veins, the withdrawal of highly oxygenated blood, and 
observing an appreciably higher pressure than in the adjacent right auricle. 

ossibly a lateral radiograph would have been helpful in localizing the position 
of the catheter in relation to the mass, but even this could have been misleading 
because of the fact that the mass was attached to a pedicle. 

Although nearly 300 cases of mediastinal dermoid cyst have been reported, 1 ' 2 
apparently none have been associated with anomalous pulmonary venous drain¬ 
age. In this patient, the venous anomaly was not recognized until the hilar 
structures had been dissected carefully at the operating table. Anatomists 
have found the incidence of anomalous pulmonary venous drainage to be about 
0.7 per cent. 13 This patient represents the fourth example of this anomaly that 
the authors have encountered 'within the past year. Hence these findings sug¬ 
gest that it is more common than usually stated. Unless pathologists are alerted 
to the possibility, it is likely that the exact pathology will be overlooked in the 
type of autopsy routinely performed. 

When less than 50 per cent of the pulmonary venous return enters the right 
auricle the patient has no symptoms, 3 ’ 6 there is little likelihood of decompensa¬ 
tion, and the life span need not be shortened. 5 With total venous drainage of 
the lungs into the right heart, there must be either a septal defect or patency 
of the ductus arteriosus in order to supply the major circulation with blood that 
has been oxygenated. In these cases not only is the right ventricle hyper¬ 
trophied, but the left heart is smaller than usual. 5 Closure of the ductus arte- 
l’iosus diminishes the blood flow to the greater circulation, leads to dilatation 
and failure of the right heart, and accounts for the death of the patient in early 
infancy.' With only partial anomalous venous drainage, either collapse or 
removal of part or all of the lung with normal venous drainage is dangerous. 3 ’ 4 ’ 6 
Even atelectasis of the normal lung may be hazardous to the patient. 6 It has 
been suggested that some of the immediate accidents following pneumothorax 
may be attributed to such a mechanism. 3 Under any of these circumstances 
the reduction in the amount of oxygenated blood available to the greater circu¬ 
lation becomes critical. 

SUMMARY 

1. A report is made of a patient who, primarily on the basis of cardiac 
catheterization studies, was regarded clinically as having an artei'io-auricular 
aneurysm or an angiomatous tumor with an auricular communication. How¬ 
ever, upon surgical exploration he was found to have a dermoid cyst in the 
mediastinum and anomalous veins going from the right lung to the superior 
vena cava and right auricle. 

2. The danger of any surgical therapy of the lung with normal veuous 
drainage, in the presence of anomalous venous drainage of the opposite lung, 
is emphasized again. 
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CASE REPORT—AN UNUSUAL MEDIASTINAL CYST 

Edward P. Skinner, M.D., Homer Isbell, M.D.,° and Duane Carr, M.D. 

Memphis, Tenn. 

T HIS ease of a mediastinal cyst is presented because of the difficulties ex¬ 
perienced in diagnosis together with an unusual response to certain thera¬ 
peutic agents. 

The patient, Mr. S., a 54-year-old white man, was apparently in good health until 
February, 194S, when he suddenly lost his voice, being unable to speak above a whisper. 
Approximately one week later lie developed a mildly productive cough with mucoid sputum, 
once blood-streaked. Approximately two weeks later he noted a numbness and stiffness of 
the fourth and fifth fingers of his left hand, but this symptom gradually disappeared within a 
few days. There were no associated weight loss, dyspnea, fever, or difficulty in swallowing. 
The past history was noncontributory, except for treatment for syphilis in 1931 and again 
in 1941. 

When first seen in March, 1948, the physical examination was negative except for 
hypertension (200/98) and a complete paralysis of the left true vocal cord. Laboratory 
studies, including a blood Kahn test, were all within normal limits. An upright posteroantenor 
and left lateral film of the chest revealed a hazy shadow of uniform density along the 
right superior mediastinum and extending out to the left for a distance of 2.5 cm. from the 
lateral border of the spine near the aortic knob. The lateral border of this opacity had a 
smooth contour. Esophagograms revealed a compression of the esophagus in the region of 
the fourth and fifth thoracic vertebrae, with a slight displacement of the upper esophagus 
and trachea toward the right just within the thoracic inlet. Esophagoscopic examination 
revealed a slight compression of the left wall of the esophagus in the upper third. 
The esophageal mucosa appeared smooth and normal throughout with no stenosis or m 
trinsic tumor visualized. Bronchoscopie examination showed the trachea to be com 
pressed on its left lateral surface with a shift toward the right in the same location. The 
remainder of the bronchial tree was normal. A bronchial washing of the left main 
bronchus was reported by the pathologist to be negative for tumor cells. 

As a result of the above findings, we considered the diagnosis in this case to be a 
bronchiogenie carcinoma with invasion of the left recurrent laryngeal nerve, and therefore 
not curable surgically. Since the patient’s only incapacity at the time was his weak voice, 
it was our feeling that he should be treated conservatively for the present, and therefore we 
withheld Methyl-bis and x-ray therapy until needed. It was decided that an exploratory 
thoracotomy and biopsy would only cause the patient further discomfort and not add 
materially to the understanding of his case. 

The patient continued to work until January, 1949, when he was admitted to the 
Baptist Memorial Hospital in Memphis because of severe dyspnea, cyanosis, fever, and 
peripheral circulatory collapse. Physical examination revealed a fever of 102° F., a pulst 
rate of 120 per minute, respiratory rate of 26 per minute, a complete paralysis of the left 
vocal cord, and moist rales throughout both lungs. X-ray examination of the chest (Fig- 1) 
showed no apparent increase in the mediastinal mass. There was, however, a marked 
pneumonitis involving the bases of both lung fields. Treatment consisted of nasal oxygen, 
intravenous fluids, sedation, and penicillin intramuscularly. The respiratory difficult} 
gradually subsided, and within approximately ten days he was afebrile and able to do without 
oxygen. On Jan. 26, 1949, Methyl-bis therapy was instituted, 10 mg. being given daily 
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Fie- l_Patient B S-. Jan. 15. 1949. There is a hazy shadow of uniform density along 

the right superior mediastinum which extends out to the left■ *a Pf nnacitv* has *5 

the lateral border of the spine near the aortic Knob. The lateral border this ©pacit. 
smooth contour. There is also some pneumonitis involving the bases of both lung neicts. 



ES2 I 49 


Fig. 


in t| u : T;r' I ' : ^° , ’. hat ’? t ' ran ' >eb - i- 13 * J. This reveals a smooth compression ot the esophagus 
rich. W of the four , th and fifth thoracic vertebrae with slight displacement toward the 
dtlltui.Mv w,, uln ' A '.r esophagus and trachea just within the thoracic inlet. The tumor is 
a Ltmirn ! e » trache , 1 > and th , e esophagus. The smooth contour of the mass suggested 

vocal El , nt ° p ! as "i, lud we discounted this possibility because of tlie presence of the paralyzed 
1 coin and were thus Jed astray for some time. 
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symptomatic improvemcnt^hibited b^’ P ° !l0 "' ,n8: this the P atiellt sll0Ked considerable 
severe cough. A roentgenogram f c<?mfortable Breathing, and a lessening of his 

(Fig. », Iho.ed rSST "' i,h bari “ in “fw « » 1, 1» 

eight and forward. A Ion* f, a ° ^ bacli ' van] . ani] H| n trachea displaced to the 

and esophagus. No irrp«»H>-R ornl mass with a smootli contour separated the trachea 
kidney-ureter-bladder film levelled 1 ^ C0nt0UI ' of the esophagus or trachea. A 

° f the 1Umbar S P ine - and hips SP ' een ’ " i;idneyS ‘ 

trachea tote ““o^e^We ^ ”* ^ 3949 ’ wWeh reVealed * he 

from the orifices of all lobes a i , W mucopurulent sputum was observed coming 

• A brouchoscopic sputum specimen was taken, and this was 



» Pie. 
for four 


nlarkeJ^ ^ rlo ays, and intensive x-ray Itheramf Methyl-bis intravenously, 10 mg. once a day 
rnrf^li d s , e in t} >e size of the tuS P L° H} e s “P, er ‘or mediastinum, there has been .a 
us an <3 made us believe thnt'weweio"? t !’- e right superior mediastinum. This again 
phoma as rve have seen a similar rpsnmLY e - re dealing with a bronchiogenic carcinoma or iym- 

response in this region in other cases. 


f T tU T CellS : A "*«* posteroanterior film of the chest taken 

ing of the pneumonitis in' Yoth^lT'The°{ *** mediaStinal *“• and a Clear ' 

routine with ammonium chloride and'disci,arf lT P ° n bronchial d ! aln3gC 

return within ten days for an explorntorv ° n Feb ' 9 ' 1949/ "’ lth J!lstructlons t3 

advisable since there was a good possibilL u™ * TUiS P rocedm '° was “°' V deemcd 

borders of the tumor, and because of the He! ' f beui S n ’ because of the sm00th 

for the left recurrent laryngeal nerve) for the "TT C0nt,gu0us structures (““f* 

observation. Upon his return to the hospita on Feb oi /oT ^ “ Been under 

/xi* ,, , , ,, p on -reb. 21, 1949, a posteroanterior roentgeno¬ 
gram or the chest (rig. 3) showed the merlinot;n„i ... . 

f at - i ,. mal mass to have almost completely disappeared. 

Because of this dramatic response to t\r P i-h x ,i +i, -a 1 . j 11 

i c iu .uetnjt-bis therapy it was now' thought that this 




ES 
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Fig. 4.—Sept 3. 1949. The patient had fever and respiratory difficulty at this time and 
,VS, senosraI ' ns revealed an increase in the size of the neoplasm in the right upper chest and 
“pfh a- pneumonitis in the right cardiophrenic angle. After the pneumonitis was controlled, 
an exploratory thoracotomy was decided upon, but was refused by the patient for some time. 

On Oct. 1 . 1919, operation was performed and a large tumor resected. This tumor 
rS c . u Pn=d the triangle between the superior vena cava anteriorly, the azygos vein inferiorly 
ttie esophagus posteriorly. The cyst was removed in toto. 




rrom a ui^f‘jf t n -u'^ the enl . ir '° e .ti t fht n °lun :1 g n ’fleld d but tluTtumor h^^eiif^ijSov^d V ? aIS , SOn , le 
gratifying The wtienfs convalescence sine? ShS 
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was a case of lymphoma, either of the lymphosarcoma or Hodgkin’s class, and not curable 
by surgery. Therefore the patient was again discharged, and instructed to return as an 
outp>atient for x-ray therapy to the upper mediastinum. 

The patient was admitted again to the hospital on April 15, 1949, with an acute 
respiratory infection. Temperature was 101° F., pulse rate was 104 per minute, and 
respiratory rate was 30 per minute. He exhibited signs of partial tracheal compression 
with associated bilateral decreased breath sounds. Posteroanterior roentgenogram of the 
chest showed the mediastinal mass to have resumed its former size and contour. The patient 
was again treated symptomatically and given 40 mg. of Methyl-bis in divided doses. One 
week from the date of admission lie was feeling well, and was discharged home, ambulatory. 



Fig-. G.—-Follow-up roentgenogram, Dec. 21, 1949, shows marked clearing °f *'? v Lj left 
on the right. The patient is asymptomatic except for hoarseness, and the paimr 
vocal cord is still unchanged. 

During May, 1949, the patient was given a second series of x-ray treatments to the uppe 
mediastinum. However, he continued to have a severe productive cougli with tenacious 
yellowish sputum and dyspnea, especially in the supine position. Since lie received no i 
mediate benefit from the second series of x-ray treatments, it ivas decided to try to e ® 
the patient comfortable on Methyl-bis injections (10 mg.) intravenously every tuo " ee “ 
in tlie office, and to give blood transfusions when indicated. The patient continue! 
breathe comfortably and to work, part time until Sept. 2, 1949, when life was admitted aga>n 
to the hospital with extreme respiratory difficulty, fever, and a bilateral basal pneuniom 
(Fig. 4). Treatment consisted of oxygen, aminophylline, and 5 per cent dextrose 
venousiy twice each day, postural drainage, and intramuscular and aerosol penicillin, 
pneumonitis responded promptly- and lie was discharged home on Sept. 11, 1949. 

On Sept. 28, 1949, the patient was readmitted to the hospital for a right exploratory 
thoracotomy, as our doubts grew as to his diagnosis. At operation a large cystic 11111101 ’ 
approximately 10 cm. in its longest diameter, occupied the triangle between the superior 
vena cava anteriorly, the azygos vein interiorly, and the esophagus posteriorly. The cy 
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was removed in toto. Its contents were a thin crystal-clear watery secretion. The day 
following operation an emergency tracheotomy was necessary because of the paralyzed vocal 
cord, and edema of the vocal cords after endotracheal anesthesia. Otherwise, the post¬ 
operative course was uneventful. The tracheotomy tube was removed in a few days and 
the opening allowed to close by granulation. The patient was discharged home on Oct. 14, 
1949, afebrile and asymptomatic, except for hoarseness (Fig. 5). 

The cyst was reported by the pathologist to be a mesothelial-lined cyst compatible 
with a cavernous lymphangioma. 

The patient was last seen on Aug. 7, 1950, at which time he was working full time 
with no symptoms referable to his chest. 


SUMMARY 

A benign mediastinal cyst resembled clinically a broncbiogenie carcinoma 
with mediastinal invasion. The cyst decreased remarkably in size with x-ray 
therapy and Methyl-bis injections especially the latter. This decrease in size 
could be attributed to the vomiting and dehydration caused by the nitrogen mus¬ 
tard, or else due to shrinkage of the lymphatics that fill the cyst due to radia¬ 
tion therapy. 

Having learned a lesson from his ease, we now believe that exploratory 
thoracotomy is indicated for the patient with supposed broncbiogenie car¬ 
cinoma with a paralyzed vocal- cord, unless definite evidence of tumor exists 
elsewhere. 



AN ACCESSORY LUNG 

Report of a Case 

Bert H. Cotton, M.D.,* Keith Spaulding, M.D., 4>i> and 
Joao R. P. Penido, M.D.* 30 
Bakersfield, Calif. 

A NOMALIES of the tracheobronchial tree are numerous. However, there 
lave been few reports in the literature of a true accessory lung. The so- 
ca ec accessoiy lung can be classified into two main types: the lung generally 
stemming fiom the lower lobe, and the lung which derives directly from the 
tiac lea. It is preferable to call the lung stemming from the lower lobe an 
accessoiy lobe. Gruenfeld and Gray, 6 reviewing the literature, cited Herx- 
leimei and Muller, 12 each reporting a ease of true accessory lung in which the 
main bionelius came directly off the trachea. The first ease was reported by 
erxheimer in 1901, and Muller reported his case in 1918. In 1940, Hulse 8 re- 
poi ted a ease of a true tracheal, accessoiy lung which was diagnosed by broncho- 
°iam. ^ui ease fits into the Freedlander-Gebauer 6 classification as a tracheal 
accessoiy lung. It differs from the case reported by Hulse, as it was not only 
small masses of lung tissue but a whole lung. It was not situated in the medi¬ 
astinum, but in the right thorax. Careful review of the English literature shows 
our ease to be the first of a true accessory lung removed by surgery. Yon 
Ilab.eiei removed a cyst from the right interlobar fissure. Postoperative roent- 
genogiaphic studies showed a bronchus leading to the region where the cyst 
was removed. He assumed that he had removed an accessory apical lung. In 
leviewing the embryology of the tracheobronchial tree, one finds many reasons 
foi lung abnormalities. As early as in the fourth week of embryonic life, the 
posterior end of the outpouching arising from the caudal part of the respiratory 
ud assumes a bifid form. The lung buds are asymmetrical almost from the 
veiy beginning, the right being larger than the left and more caudal. The 
ronchial tree is formed by repeated division of the lung bud in its branches. 
This multiple division of the bronchial tree from the original bud gives rise to 
many abnormalities. Lung anomalies occur when the tracheal buds push into 
the mesenchyma and become partially isolated. Santy, Berard, and Galy 13 feel 
that all cysts having origin in the region of the pulmonary pedicle arise from 
an accessory bronchial bud, or from a supranumerary lobe. In our case a com¬ 
plete lung with three lobes arose from a main bronchus which came directly 
off the trachea. 

CASE HISTORY 

L. M. B., a white female infant, two months old, was seen because of a persistent 
cough. Chest roentgenogram revealed a homogeneous density occupying the upper two-thirds 
of the ri ght hemithorax and suggesting atelectasis of the right upper lobe. Also anomalies of 
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the lower cervical and upper thoracic vertebrae were noted with incomplete fusion and de¬ 
formity. The first symptoms appeared two days after birth. There was a history of multiple 
congenital anomalies on the father’s side. The mother had no communicable or other 
diseases while pregnant, except for an upper respiratory iufection with fever during the 
fourth month. The patient also presented a hip deformity, with the left leg being shorter 
than the right. 

A bronchogram was advised and performed. The bronehogram showed a stem bronchus 
coming directly off the bronchial tree to the right and saccular bronchiectasis in the area 
of the density occupying the upper two-thirds of the right hemithorax. At this time a 



and mJz ,,}'—®ronchogram on Jan. 23. 1949, shows a bronchus coming directly off the trachea 
coming br °nchiectasis of the area occupied by the density. Another bronchus is seen 

ott the trachea below the upper bronchus. 


Pi(r - —Chest 



film taken on May io, 1930, shows_opacification of upper three-fourths of right 
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diagnosis of a saccular bronchiectatie right upper lobe was made, and surgery was advised. 
Due to the patient’s condition, conservative treatment was advised until she was older and 
in better condition for operation. 

On May 9, 1950, the patient was readmitted to the hospital because her symptoms 
were worse, and fever had appeared. She could not take her feedings. Coccidioidin skin 



Fig. 3.—Roentgenogram taken on July 13. 1950, just prior to operation reveals essentially 

no change. 



test and Mantoux test were negative. The urine showed traces of albumin. The patien re 
ceived aureomycin, improved, and was discharged on June 17, 1950. She was readmitte ^on 
July 27, 1950. Her condition became worse, and she was choking easily. Surgery was 
vised, and a right exploratory thoracotomy was performed on July 2S, 1950. 

Upon opening the right pleural cavity, a large and hard tumor mass, apparently con 
sisting of lung parenchyma, was seen and felt occupying three-fourths of the entire e ® x 
thorax. This was thought to be a cystic lobe; however, careful inspection revealed 1IS " 
to be in its own pleural cavity completely separated from the other right-sided lung 


Fig. 4.—Postoperative roentgenogram revealing complete filling of right thorax by the remain! g 

lung. 
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was situated inferiorly and was partially collapsed. This lower lung luul a noima apicar 
ance, but it had ouly two lobes. It also had its completely sepai ate, pleural cavity. o 
upper, accessory, evstic lung came directly oft' the trachea by a stem bionchus that measure 
approximately 3 mm. in diameter and 1 cm. in length. Two small veins each measuring 1 
nun. were seen leaving the lung and following the bronchus. The aiterial supp y was ur 


Pis'. 5. 



Figr- 6. 

5 ’—Tracheal accessors’ lung removed with three separate lobes, two complete fissure 
Pig. 6.—Cut section of one of the lobes shows the nature of the cystic parenchyma. 

'"shed by a branch coming directly off the subclavian artery and entering the cystic lung at its 
•‘P«- This artery measured approximately 2 mm. in diameter. There was no other blood 
supply to this lung. A right upper complete pneumonectomy wits performed by the in- 
' ,VU,Ual li ? ation technique. The upper parietal pleural sac was completely excised, and 
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when the anesthetist applied positive pressure, the lower right lung completely expanded and 
tilled the entire right hemithorax. A catheter was left in place for suction, and the chest 
was closed in a routine manner. 

The patient had an uneventful convalescence, her respiratory complaints disappeared, 
and she gained weight steadily. Due to some genitourinary symptoms a retrograde pyelogram 
was done on Sept. 18, 1950 which revealed bilateral hydronephrosis with right hydroureter 
and a contracture of the vesical neck. The patient was discharged in apparently good 
health on Oct. 18, 1950, and was followed in the outpatient clinic. She was readmitted on 
Dec. 17, 1950, and a cystotomy with transverse resection of the vesical neck was performe 
on Jan. 10, 1951. The patient was discharged on Jan. 19, 1951, and at the present time is 
symptomatically and clinically well. A chest roentgenogram on Dec. 26, 1950, showe no 
active pathology, with both hemithoraces and lungs being normal. The patient was as 
seen on July 20, 1951, while admitted to the hospital for a genitourinary check-up. She is 
norv free from respiratory symptoms. . 

The pathologic specimen consisted of a lung with three lobes, covered by an m ac 
pleura. The lung weighed 82 Gm. and measured 9 by 7 by 3 centimeters. Two com P e e 
Assure lines were present. The specimen had a hilum with three major bronchi an 
blood vessels. The parenchyma was Ailed with cystic spaces, the bronchioles were i a c , 
and a considerable amount of honeycombing was present. 

SUMMARY AND CONCLUSION 

A case of a true accessory lung is reported. 

A brief review of the embryology of the tracheobronchial tree is given. 
Review of the English literature shows this to be the first case treated wit i 
success by surgical excision. 
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CARCINOMA OP INTRATHORACIC TRACHEA: 

EXCISION AND REPAIR BY TANTALUM GAUZE-FASCIA LATA GRAFT 

Report of a Case 

William G. Cahax, M.D. 

New York, N. Y. 

T he repair of defects of the intratlioracic trachea has recently been the 
subject of intensive clinical and laboratory study. Experimentally, de¬ 
fects have been created to simulate conditions in the human being, in whom 
sections of the trachea are lost after trauma, or excised as part of the treat¬ 
ment of strictures and tumors arising in, or secondarily invading the trachea. 

From the few successes and the many failures of these various studies, t\\ o 
major problems have become apparent: the maintenance of anesthesia and 
oxygenation during the repair, and the reconstruction of the segment to he 
excised so that the trachea may resume physiologic function. 

ANESTHESIA 

One of the most trying problems has been to devise a method of maintain¬ 
ing an adequate airway distal to the area being repaired, for, as the defect is 
made, there is a loss of the effective intraluminal pressure, as well as an 
escape of oxygen and anesthesia. To be sure, this situation obtains, to some 
extent, dining the sectioning of a bronchus at pneumonectomy. But bronchial 
closure in that procedure is rapidly made as the lumen is opened, whereas a 
large defect in the trachea requires a much longer time for reconstruction. 

This difficulty has been circumvented in various ways. The most obvious 
method is to make use of the already indwelling endotracheal tube which is in 
place proximal to the area to he excised. As the defect is created, the balloon 
on the tube is deflated and, by the combined efforts of the anesthesiologist ad¬ 
vancing the tube and the surgeon pulling it down through the defect, the tube 
can he passed across the aperture and manipulated into the desired bronchus. 
The balloon can them be reinflated. The weakness of this method became 
apparent in the case to be described, when the distal tip of the tube entered 
one bronchus alone, thereby making difficult the inflation of the opposite lung 
"hen this was needed (usually on the operative side). In attempts to overcome 
this, if the tip of the tube is suspended just above the earina so as to feed both 
bronchi, the average balloon will not hold on a short tracheal wall cuff and may 
fall into the excised area, and the system would no longer be airtight. This 
difficulty was overcome by Belsey 1 when he added an elongated balloon to the 
tube to fill the excisioual defect while stainless steel wire was wrapped about 
both balloon and trachea—which is used in the manner of a darning egg, and 
then co vered by fascia lata. 

X. y Froru Thoracic Service, Memorial Center for Cancer and Allied Diseases, Xew York, 
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Garter and Strieder 2 have described what may prove to he the most prac¬ 
tical idea. At the time of thoracotomy, rubber tubes of varying diameters and 
lengths are available and are inserted into the lumen through the defect until 
a snug fit is achieved. The tube, in place, overlaps the proximal and distal 
wound edges and serves as a temporary bridge while the repair is carried on 
about it. At the conclusion of the procedure it is removed by the broncho¬ 
scope. Perhaps if plastic or stainless steel tubes were used in this manner, they 
might be left in place for one to two days and serve the additional function of 
splinting the repaired area providing a readily available airway and exit for 
secretions, until sealing of the peritracheal tissues had begun. This additional 
tube could then be removed endoseopieally. 

The insertion of an oxygen-containing catheter or another endotracheal 
tube through the chest wall wound into the defect is of questionable value; it 
encumbers the surgeon, and the tidal exchange of gases in a lengthy tube ex¬ 
tension is inadequate and may produce anoxemia. 

PRINCIPLES OF REPAIR 

Certain fundamental principles of repair peculiar to the trachea have be¬ 
come apparent, and if any technique or material can be judged to be competent, 
it must fulfill most of the requirements of these principles. 

The means of repair employed should vary with the condition that re¬ 
quires it; no single method covers every type of situation. Thus, small defects, 
particularly of the membranous portion of the trachea, can be bridged well 
by fascia lata or pleura sutured tautly over them . 7 This measure is possible 
as long as there is skeletal supoprt of the surrounding tracheal wall sufficient 
to maintain a good luminal diameter. However, large defects and excision of 
the entire circumference of the tracheal wall would not be corrected in this 
manner because of the “flutter”—or instability—of the graft when special 
stress is placed on the tracheobronchial tree, as in deep breathing or coughing. 
Moreover, it does not serve as a bulwark against the constricting effect of sub¬ 
sequent fibrosis or the encroachment of neighboring structures. 

If no more than two or three cartilaginous rings have to be excised as, ioi 
example, in the treatment of a benign stricture, sleeve resection and end-to-end 
anastomosis after mobilization of the trachea has been carried out . 4 But should 
longer lengths of trachea require excision, there is an ever increasing danger 
of strain on the suture line which may separate and result in disaster. Thus, 
for large benign tumors or carcinomas which must have a wide margin of nor¬ 
mal tissue to insure total excision, these limited means would be'inadequate, 
and under the pressure of securing a closure, the surgeon might be tempted 
to leave a dangerously narrow cuff about disease. 

As the defect enlarges, the problems of its repair increase apace, and due 
consideration must be paid to certain principles which we have classified as being 
of immediate and 'permanent concern. 

For example, it is of immediate importance that the material used be 
relatively easily managed; no undue tension should be placed on the suture 
line on the trachea for fear of eventual disruption; an air- and watertight 
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seal must be effected (air prevented from leaking out and lluid from leaking in 
from the surrounding structures!. If this is not entirely achieved at operation 
it should certainly supervene within a day or two; bacteria should be kept to 
a minimum: and secretions must be removed adequately during the postoperative 
period until the tracheal defect has become well sealed oft and the patient 
competent in this regard. 

It is of iH'niununt concern that re-epithelization of the detect occur 
and an adequate airway be maintained for the rest of the patient s life. Ihe 
trachea can be considered as a “drain as well as an air duct, depending upon 
the ciliated epithelium to empty itself.” That method of repair has merit that 
takes into consideration and utilizes the remarkable ability of ciliated epithelium 
to regenerate and spread itself across large surfaces if supported from beneath. 

However, although epithelization is complete, it provides no bulwark 
of itself to the threat of delayed luminal narrowing as a result of scarring. 
This must be anticipated by providing a rigid mural support, tolerated by the 
body, for an indefinite length of time, for the surrounding tissues about the 
intrathoracie trachea cannot be relied upon to maintain the luminal diameter. 
Cartilaginous rings show signs of regeneration many months after the pro¬ 
cedure by which time irreversible stenosis may well have eventuated. These 
rings are frequently of primitive type and may never achieve a mature contour 
needed to maintain a good lumen. 


Various materials satisfy in part these immediate and permanent require¬ 
ments as set forth above. Stainless steel and plastic: tubes are easily in¬ 
serted, provide a good lumen while they are in place and are tolerated surprising¬ 
ly well for a fair length of time . 1 However, when re-epithelization occurs it 
has been found to progress behind these tubes so that their intraluminal sur¬ 
faces are physiologically inert. If, by chance any intercurrent irritation or 
infection requires the removal of the tube, a debilitating stenosis at the site 
of repair almost always supervenes. In addition, in those instances in which 
carcinoma has been present, the tube in place may cover an early local re¬ 
currence of disease that might otherwise be easily observed endoscopically. 


At present, work with autogenous and homogenous grafts lias revealed 
these to be of questionable value in tumor cases. When the former are used, 
a t least a resection of lung tissue is necessary so that a portion of uninvolved 
bronchial wall for grafting can be obtained to repair partial defects of the 
trachea . 2 However, the transplant so derived may be from an infected and/or 
carcinomatous lung and may possibly serve as a vehicle to return these con¬ 
taminants to the patient. The homogenous grafts have been used experimentally 
°> circumferential defects . 5 Although fresh and preserved specimens are 
ramly handled, when defects of four or more rings are replaced by this method, 
ate fibrosis and stenosis result and often cause the death of the animal. 


(1 F<Jl ' ovuv ' a!! utility and results in repairing large defects, from the evi- 
! mice derived from human experience, the use of a metallic framework lined 
> a fascia lata, dermal, or pleural graft seems most promising. Belsey has 
a u experience with the use of stainless steel wire loops, about which fascia 
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Cartel 1 and Strieder 2 have described what may prove to be the most prac¬ 
tical idea. At the time of thoracotomy, rubber tubes of varying diameters and 
lengths are available and are inserted into the lumen through the defect until 
a snug fit is achieved. The tube, in place, overlaps the proximal and distal 
wound edges and serves as a temporary bridge while the repair is carried on 
about it. At the conclusion of the procedure it is removed by the broncho¬ 
scope. Perhaps if plastic or stainless steel tubes were used in this manner, they 
might be left in place for one to two days and serve the additional function of 
splinting the repaired area providing a readily available airway and exit for 
secretions, until sealing of the peritracheal tissues had begun. This additional 
tube could then be removed endoscopically. 

The insertion of an oxygen-containing catheter or another endotracheal 
tube through the chest wall wound into the defect is of questionable value; it 
encumbers the surgeon, and the tidal exchange of gases in a lengthy tube ex¬ 
tension is inadequate and may produce anoxemia. 


PRINCIPLES OP REPAIR 


Certain fundamental principles of repair peculiar to the trachea have be¬ 
come apparent, and if any technique or material can be judged to be competent, 
it must fulfill most of the requirements of these principles. 

The means of repair employed should vary with the condition that re¬ 
quires it; no single method covers every type of situation. Thus, small defects, 
particularly of the membranous portion of the trachea, can be bridged veil 
by fascia lata or pleura sutured tautly over them . 7 This measure is possible 
as long as there is skeletal supoprt of the surrounding tracheal wall sufficient 
to maintain a good luminal diameter. However, large defects and excision of 
the entire circumference of the tracheal wall would not be corrected in this 
manner because of the “flutter”—or instability—of the graft when special 
stress is placed on the tracheobronchial tree, as in deep breathing or coughing- 
Moreover, it does not serve as a bulwark against the constricting effect of sub 
sequent fibrosis or the encroachment of neighboring structures. 

If no more than two or three cartilaginous rings have to be excised as, foi 
example, in the treatment of a benign stricture, sleeve resection and end-to-end 
anastomosis after mobilization of the trachea has been carried out . 4 But should 


longer lengths of trachea require excision, there is an ever increasing dangei 
of strain on the suture line which may separate and result in disaster. Thus, 
for large benign tumors or carcinomas which must have a wide margin of noi- 
mal tissue to insure total excision, these limited means would be inadequate, 
and under the pressure of securing a closure, the surgeon might be tempted 
to leave a dangerously narrow cuff about disease. 

As the defect enlarges, the problems of its repair increase apace, and due 
consideration must be paid to certain principles which we have classified as being 
of immediate and permanent concern. 

For example, it is of immediate importance that the material used be 
relatively easily managed; no undue tension should be placed on the sutuie 
line on the trachea for fear of eventual disruption; an air- and watertigit 
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Fig. 1.—Lateral roentgenogram of chest showing oval-shaped tumor impinging on tracheal 


On bronehoscopie examination in July, 1050 (two and one-half years after the first 
attack of pneumonia as an adult), a tracheal tumor was found and a specimen for biopsy 
taken: this was reported as adenoid cystic carcinoma of the salivary gland type. Immediately 
following the biopsy, expiration and inspiration became easier, and remained so to the 
time of his admission to this hospital. 

Physical Examination.—The patient was a tall, well-developed, lS-ycar-old white man 
"ho had acne vulgaris about the face and neck. He blushed and perspired easily and 
showed a marked tendenev to dermatographia. The essential features of his examination 
were as follows: The trachea was in the midline. The chest showed equal expansion with 
normal resonance. The breath sounds were coarse but no rales were heard. The heart was 
not enlarged and the rate and rhythm were regular. The blood pressure in the left arm 
was 150/100, and in the right arm 170/100. A repeat recording on two occasions showed a 
constant level. Bilateral foot drop was present with only weak dorsiflexion of the right 
foot and absent dorsiflexion of the left foot. The left knee jerk was 3 plus, and the right 
knee jerk was 1 to 2 plus. No abnormal reflexes or changes in sensation were noted. 

Laboratory Findings .—Complete blood count, urinalysis, and blood chemical analyses 
were essentially negative. The only abnormal finding was a prothrombin time of 28 
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lata lias been wound. A primary tumor of the intrathoracie trachea was ex¬ 
cised, and the defect managed by this technique. In another instance, a por¬ 
tion of trachea and carina was excised and repaired with apparently good re¬ 
sults. Although, functionally, these repairs were adequate, 40 per cent luminal 
narrowing was estimated to have occurred after a period of several months. 
In one instance, the fascia lata infolded between the whorls of wire and le- 
quired a bronchoscopic dilatation of the lumen. Perhaps the whorls of "he 
were placed too far apart so that the infolding was permitted. 

The difficulty of infolding of the fascia lata between separated loops o 
wire is obviated if one uses tantalum gauze. This provides a permanent skeleta 
structure, well tolerated by the body, easily managed and placed with no 
tension on the suture line. With its reinforcement by a strip of fascia ata, a 
good degree of air- and watertight seal can be obtained (although some m 
vestigators using it in animals •were not so fortunate). The fascia lata is 
eventually absorbed and the granulation tissue can insinuate itself between 
the spaces in the mesh and provide a bed over which the rapid epithelization 
from the surrounding wound edges can spread. Rob and Bateman have uset 
this method to repair a large defect in the cervical trachea following excision 
of a thyroid cancer which had secondarily invaded it. After excision^ >e 
aperture measured 9 cm. in length and practically involved the entile cu< m ni 
ference of the trachea except for an 0.5 cm. area at its posteiioi 
They lined the tantalum mesh gauze on both sides with fascia lata, an 
within a few days an inpocketing or “flutter” of the inner graft neces ^ 
tated bronchoscopy and the touching of its surface with the electiic cau e 
As this was done, the inner graft was seen to shrink against the mes i a 
gave no further trouble. The lumen of the trachea has been o s 
endoscopically and has remained undiminished for at least one year. 

The case to be reported is that of a malignant tumor of the trachea mown 
to be radiation-resistant, and which had produced symptoms of repeate pu^ 
monie infections and progressive impingement on the airway. The success o 
the repair of the trachea after the lesion was excised can be in laige pai 
attributed to the contributions made by many of the authors mentioned a °'® 
and, in particular, to Rob and Bateman for their description of theii use o 
tantalum mesh-fascia lata graft. The diligence of the musing and ies 
staff, shown in this case, was a necessary adjunct to its successful cone usioi 


REPORT OF CASE 

Tlie first admission of an lS-year-old white man to the Memorial Hospital 

2 History .—The family history was irrelevant. There was a history of polyneurit' " 
1911 with residual bilateral foot drop, which was considered by a good pediatric ‘“SP 1 
to be unrelated to anterior poliomyelitis. There has been no progression in an >. 
muscular symptoms since that episode. The history of his present illness dates from infancy, 
muscular symp breathing, which was thought to be 

^ ' This s,„ ™ ,seated by tta» « 

ZmZ “e i£.0,. .f SLh eve »nkh„™, be. evy.h.™ .1 the " 

suited His symptoms disappeared following tlie radiation therapy. At the ag - y 
he had an attack of pneumonia which was described as severe. 
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He was well until the age of 15 years, when he had •'- imeumon.n character,^ 
rapid onset of fever and difficulty in exhalation, aggravate,1 by exertion. U.e,t roentgcno- 
grams at this time were said to be negative. He was treated by antibiotics and was well 
after three weeks’ bed rest. Seven months later he developed a second attack snn.lar to ti e 
first, and required bed rest for the weeks. This attack was characterized by considerable 
weakness, and accentuation of difficult exhalation was again noted. 1 enieilhn seemed to 
provide relief, and roentgenograms of his chest were again reported as negative. One year 
later, hemoptysis occurred for the first time, concurrent with a t urd bout o> pneumonia 
This'subsided but returned again in live months, associated with all of the above-described 
symptoms. 



bs. 1.—Lateral roentgenogram of clicst showing oval _ sliaped tumor impinging on tracheal 

airway. 


On broncltoseopic examination in Julv. 1950 (two and one-half years after the first 
attack of pneumonia as an adult), a tracheal tumor was found and a specimen for biopsy 
taken: this was reported as adenoid cystic carcinoma of the salivary gland type. Immediately 
following the biopsy, expiration and inspiration became easier, and remained so to the 
tune of his admission to this hospital. 

Physical Examination .—The patient was a tall, well-developed, lS-year-old white man 
"ho had acne vulgaris about the face and neck. He blushed and perspired easily and 
showed a marked tendency to dermatographia. The essential features of his examination 
"ere as follows: The trachea was in the midline. The chest showed equal expansion with 
normal resonance. The breath sounds were coarse but no rales were heard. The heart was 
not enlarged and the rate and rhythm were regular. The blood pressure in the left arm 
"as 150/100, and in the right arm 170/100. A repeat recording on two occasions showed a 
constant level. Bilateral foot drop was present with only weak dorsiflexion of the right 
°ot and absent dorsiflexion of the left foot. The left knee jerk was 3 plus, and the right 
nee jerk was 1 to 2 plus. No abnormal reflexes or changes in sensation were noted. 

Laboratory Findings .—Complete blood count, urinalysis, and blood chemical analyses 
"ere essentially negative. The only abnormal finding was a prothrombin time of 28 
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seconds, the normal reading of that day being 15 to 20 seconds. The cerebrospinal fluid 
was found to contain. 41.6 mg. of protein per 100 c.c., but no cells. 

An electrocardiogram showed right axis deviation which was thought to signify hyper¬ 
trophy of the right ventricle and/or vertical position of the heart. 

Posteroanterior roentgenogram of the chest showed the lungs and osseous structures 
to be normal. There was no evidence of mediastinal widening, and the cardiac silhouette 
was within normal limits. However, on the lateral projection, in the midtracheal region 
there was a semicircular area of homogeneous density, the broad base of which was on the 



Fig. 2.. Tracheogram showing filling defect in trachea. Note its position above the bifurcation. 

posterior wall of the trachea and the convex area projecting- into the lumen (Fig. 1)- ^ lc 
inferior margin of the tumor lay approximately 32 mm. above the Carina, and a tracheogram 
showed that the tumor extended through the width of the trachea about 4 cm. in the 
supero-inferior diameter (Fig. 2). Lateral view of the tracheogram showed that the tumor 
protruded into the lumen approximately 2 cm., leaving a free airway about 5 mm. in width 
at its narrowest point. An esophagram was essentially negative. 

Bronchoscopy on September IS showed the superior border of a yellow, nonulcerating 
tumor, situated 24.5 cm. below the upper dental arch. The tumor projected into the tracheal 
lumen for at least 1 cm. and occupied the entire posterior wall, ascending for a short dis¬ 
tance on the right lateral wall. It was estimated at this time that about one-half of the 
lumen was occluded, and the bronchoscope could not be passed beyond the tumor. Vital 
capacity and circulation time studies were normal. 

Preoperative Preparation .—For six days preoperatively the patient was given penicillin 
aerosol (100,000 units of penicillin in 1.5 c.c. of zephiran atpieous solution), four times a 
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Jav. Beginning live .lavs before operation, i'.OO.OOO units of crvstieillin, twice daily; vitamin 
B complex; 500 mg. of vitamin (\ daily; and 4.S mg. of vitamin lv, twice daily, "ere ad¬ 
ministered. On the day before operation, 1 Cm. of diliydrostreptonivcin was started, and just 
prior to operation one more gram was given. Inoperative medication consisted of morphine 


sulfate, 1/0 grain, and scopolamine, 1/l.itl grain. 

On October ‘JO anesthesia w:us induced with sodium pentothal and the cuff on the 
endotracheal tube was imlated with 1 e.c. of air. It was noticed that the airway was 
patent and the exchange good. Cyclopropane with ll)0 per cent oxygen was used throughout 


the procedure. 

Pruculurc .—The patient was placed in the right posterolateral position and the chest 
and right thigh prepared with tincture of zephirun. The right pleural cavity was entered 
through the lied of the tlfth rib after a small segment of the posterior portion of the fourth 
rih had also been excised. The tumor was found to lie just above the carina, on the 
posterior and right lateral surfaces, extending superiorly for about .1 to d.5 centimeters. 



Fig. 3.—Over-all view of right thoracic cavity before azygos vein was divided. 


It was fairly well defined, encapsulated, somewhat irregular and nodular, and indented the 
esophagus without being intimately adherent to it. No gross evidence of metastases was 
present. The tracheal tumor was palpable through the mediastinal pleura, and a pleural 
dap, considered to l>e of adequate dimensions to cover the area to be excised, was raised. 
The free edge of the riap was begun in the paravertebral gutter beyond the necks of the 
n bs; it measured about iJ cm. in width, with its base on the mediastinal pleura overlving 
the superior vena cava (Fig. 3). The right vagus nerve was freed from the tracheal wall 
aad retracted, and the azygos vein next isolated, ligated and divided. The trachea was 
mobilized throughout its circumference (Fig. 4, A) from the superior portion of the medi¬ 
astinum down to the carina (Fig. 4, B). 

At this time an estimation was made of the dimensions of the tumor and the ex¬ 
pected defect to be created. The tensor fascia lata was incised vertically and a strip of 
fascia, about 5 bv In cm. in diameter, was removed; this was sutured to a piece of tantalum 
gauze slightly smaller than its over-all surface (Fig. 5). The tantalum gauze was infolded 
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imro’in l 'e e ge ° t ie specimen (Fig. 7), the incision was developed, permitting a 

a g.n about the tumor of normal-appearing mucous membrane at least 3 to 4 mm. at its 
, -f 8 ,, ^°, 1 10n * posterior and left lateral portion of the tracheal wall was 

, ie umoi containing plaque was retracted posteriorly and the lumen widely opened. 



superior’vena cava*mobilization by incision into areolar tissue between 
and retraction of vagus* nerved' B ’ Tracliea and tumor isolated. Note division of azygos vein 


The anesthesiologist, who had been maintaining respirations manually because the patient 
had stopped spontaneous breathing for some time, deflated tiie cutf, and a Kelly clamp 
was inseited into the orifice to pull down the lower portion of the endotracheal tube, pass 
it across the defect and into the left main bronchus (Fig. S, A). This procedure was 
relatively easy, but when the anesthesiologist attempted to reinflate the cutf it was dis¬ 
covered that the clamp had made a rent in it. It thus became apparent that a closed 
system would have to be abandoned, and consequently the tumor was excised expeditiously. 
The resulting defect measured about 7 by 3 cm., and approximately one-half of the an¬ 
terior portion of the tracheal cartilages was left intact. 
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5. Tantalum mesh gauze ami fascia lata sewn to it over multiple points. Note rolling 
or edge of mesh to prevent frajing and slipping of sutures at its margin. 
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At this point the patient became cyanotic, probably as a result of oxygen loss through 
the defect, coupled with diminished pulmonary excursions from the poor control of the 
closed system. Two maneuvers were used to overcome the problem of anoxemia: The endo¬ 
tracheal tube was drawn upward until its tip rested above the carina, and by tightening the 
Penrose drain that was in place above the carina about the trachea, occluding its walls 
sufficiently about the tube, a substitute for the broken balloon cuff was achieved (Fig. 8, B). 
The right lung, which was collapsed during the procedure, was inflated and employed for 
oxygen. In this manner the procedure progressed somewhat haltingly, for each time the 
right lung was collapsed to permit suturing, cyanosis would soon begin, so that sutures 
could be placed only- in groups of four or five. 



FifT- 7.—Retraction of tumor specimen to permit view of its interior extent. 

The stent, composed of the fascia lata graft and the tantalum mesh, was held 
the thoracic wound in the position it would assume about the trachea, and a row of No. 
plain catgut sutures was begun, uniting fascia lata and the superficial portions of t e 
tracheal wall for a distance of 0.5 cm., beyond the edge of the left side of the defect in 

the trachea (Fig. 9). This was made feasible by rotation of the trachea throughout 

long axis so that its opposite surface presented more readily'. In addition, several No. 
chromic catgut sutures were passed through the tantalum mesh and tlirough correspon mg 
portions on the tracheal wall about 3 mm. from its cut edge (Fig. 10). The graft was 
slid into position along these “guy ropes,” and the sutures tied individually. The tracie 

torsion was relaxed and the mesh and fascia lata were curved to cover the defect. ie 

fascia lata was tacked to the tracheal wall by'means of multiple silk sutures, m the form, 
of a patch. As soon as this was completed, the trachea was relatively airtight, and to 
endotracheal tube could be used to better advantage for oxygen and anesthesia wit mu 
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■Beginning of posterior row of sutures through edge of fascia lata portion of stent. 
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the aid of the Penrose drain’s circumtraclieal compression. Retraction on the right vagus 
nerve was relaxed and the pleural flap that had been previously prepared was sutured 
over the graft with interrupted silk sutures, but not tacked too intimately to the inferior 
margin of the mediastinal defect so as to allovv for possible egress of air (Fig. 11). A 


Fig. 10.—Interrupted sutures bringing tantaium mesh to edge of 
ot fascia lata sutures had been placed. 


defect after posterior 


row 




■Flo. 11 _Completed repair demonstrating the pleural flap (in solid line) fascia lata 

Fig. 11. ^“Tippled ) ; the mesh (cross-hatched) ; and the defect (solid black). 
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R T 13.— A, Front view of trachea showing: tracheotomy tube and tantalum mesh. 

/ lateral view of trachea showing 1 tracheotomy tube and mesh. Note lack of diminution in 
tracheal lumen, and that upper margin of tracheal repair could be visualized through 
acneostome when the tube was removed. 
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portion of the esophageal wall at the superior margin of the graft was sutured to the 
trachea to seal its upper end. Two hundred thousand units of penicillin, 1 Gm. of strepto¬ 
mycin, and 10 c.c. of saline were injected into the pleural cavity, and eucupine in oil was 
injected into the fourth, fifth, and sixth intercostal nerves. Two thoracotomy drainage 
tubes were inserted; one through the third intercostal space anteriorly and another below 
the thoracotomy wound in the eighth intercostal space. These were connected with individual 
underwater drainage bottles and the chest wall closed in layers. 

The patient was then placed in the supine position and a tracheotomy performed with 
the insertion of a No. S tracheotomy tube. The purpose of this tracheotomy was to insure 
an avenue of suction, but in addition it was to decompress the tracheobronchial tree during 
exertion and coughing, resulting in less intraluminal air pressure referred to the suture line. 
His color was good and he was returned to the ward almost awake. 



Fig. 14. —Photomicrograph of tumor called adenoid cystic adenocarcinoma, salivary gland typ 

During the procedure he received 500 c.c. of normal saline and 1,000 c.c. of W®oclj 
His blood pressure at the onset of anesthesia was 130/70 (as compared with 1®°/ 
obtained in his conscious state), and remained fairly static throughout. . no 000 

Postoperative Course .—The patient was placed in an oxygen tent, and given. > 
units of penicillin every three hours; 0.5 Gm. of dihydrostreptomycin every six rnurs, 
vitamins K, B, and C in preoperative quantities; and penicillin spray by De Vilbiss syring® 
through the tracheotomy tube. In addition, tracheal aspirations were done as needed, 
ran a surprisingly uncomplicated postoperative course. Bubbling never occurred t ir0U S 
the underwater drainage tube at any time, and both fluctuated for several days (Fig. - ■ 
The suction material obtained from the tracheotomy was white and purulent for at eas 
three postoperative days, and on the fourth day it began to clear. His temperature range 
from about 101° to 103° F. for the first postoperative week, gradually returning to norma 
on the sixteenth postoperative day. 

Portable roentgenograms of the chest postoperatively showed the left lung 
entirely clear, and the right lung to have several densities (thought to be old hpio o 
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■lej-O-'its) scattered throughout the right central lung tielil. In addition, there appeared to 
be a small collection of fluid in the right pleural cavity, and on the fifth postoperative day 
this was tapped, yielding onlv 20 to 110 e.e. of clear lluid, and 300,000 units of penicillin 
were injected into the pleural cavity. Streptomycin was discontinued on his fourth post¬ 
operative day from which time 150 mg. of aureomycin. every six hours, was given. On the 
ninth postoperative day, the lower underwater drainage tube was removed; on the tenth 
day he was moving about the room, and on the twelfth day the second underwater drainage 
tube was removed. 

On the twentieth postoperative day, the tracheotomy tube was removed to be cleaned, 
and it was possible to see the upper one-third of the defect in the tracheal wall (Fig. 13, A 
and B). At that time a sharp edge of the defect could be seen with no signs 
of inflammatory reaction about it. A vellow background was observed through the mesh, 
undoubtedly representing the fascia behind it. This excellent chance to observe healing of 
the graft in situ was utilized from that day until the twenty-third postoperative day when 
definite signs of “pinking” were observed through the mesh as the granulation tissue 
appeared. In addition, it was noted that epithelial ingrowths along the edge of the defect 
were beginning to decussate the mesh. On the thirtieth postoperative day, granulation tissue 
budding through the mesh was clearly evident, and the tracheotomy tube was removed 
permanently. 

The patient was discharged from the hospital on the thirty-first postoperative day, and 
since that time has been relatively asymptomatic. Bronchoscopy, three months postoperatively, 
revealed no trace of any tantalum mesh and epithelization appeared to be about 100 per 
cent complete. Repeat bronchoseopie examinations were made every two months and showed 
that the lumen had maintained its diameter completely and that there was no evidence of 
tumor. His latest bronchoseopie examination on Get. 31. 1051 (one year postoperatively), 
revealed no recurrence of the tumor or luminal narrowing. Four mouths later there was 
still no evidence of disease. 

Pathologic Report .—The pathologic specimen measured over-all 3 by 3 by 2 cm, and 
showed an adenoid cystic adenocarcinoma, salivary gland type (Fig. 14). Dr. Fred Stewart 
states, “Of course, the behaviour of such a lesion in the trachea is not well documented, 
but it is extremely sluggish, and the extent to which this tumor can metastasize is virtually 
unknown.” 

SOI MARY 

A ease of carcinoma of the trachea, with excision and repair of the defect 
"ith tantalum mesh gauze and fascia lata, is reported. The patient is alive 
and without evidence of disease or change in tracheal lumen size sixteen 
months after operation. 

A brief reference is made to various methods described in the literature 
which have been used to overcome the physiologic and reparative difficulties 
attendant upon such procedures, and their application to this ease noted. 
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LIPOTHYMOMA: AN UNUSUAL BENIGN TUMOR OP 
THE THYMUS GLAND 

Nolton H. Bigelow, M.D., and Adrian A. Ehler, M.D.f 
Albany, N. Y. 

R ^ Oimois of the thymus gland are extremely uncommon. Adenomas, 
< ’ na ' S ’ 1 P onias > ail( 3 myxomas are said to comprise the majority of this 
A • on< ' a P- sl| hited mixed tumors composed of inextricablj r intermixed 

? aU< ’ 1 a ^ e < ments are virtually unknown. As far as we are aware, an 
tj 1 ^°ca examp e of such a neoplasm has been reported only once. 2 As in 
aS . 6 ,° i* 6 . re P° rted here, the patient was a child, and the tumor was not 
la ec m i myasthenia gravis or any other abnormality. Because of the 
tliv SUa c iaiac ^ 1 a,K ^ apparent rarity of this type of benign tumor of the 
mus 0 anc, t le present case is reported in considerable detail. 

CASE REPORT 

i w ., 9’’ a ^ year °* cl " 1‘ite girl, was admitted to the hospital during November, 194G, 
sDutmn n P aiox 'ysmal coughing of ten weeks' duration. She also complained of raising more 
of the cl rr a ,UU| 011 t"’ 0 occas i°hs the sputum had contained blood. Roentgenograms 
TIip ci m i ’ i'' 61 ° I1C mon ^ 1 prior to admission, showed atelectasis of the right middle lobe, 
ino- mi m ne ' cr suael 'cd from dyspnea, although she became easily fatigued while play- 
“■ * , Was . no ehnical evidence of tuberculosis or of myasthenia gravis, 

o ,.i! S1 °. n , Il6r tem P eratu re was 99.6° F., pulse SO, and respirations 20. She was 

' • , f Ul s ‘ r ’ a PP eai 'ing younger than her stated age. A few anterior and posterior 

the riolit^ n °, eS " ere P aI P a hle. Anteriorly a region of increased dullness extended from 
A i° f 16 S ernum ^ ie n ipple line, and from the second to the fifth interspaces. 

Tt wa ? S . 1 oeu tgenograin revealed the presence of a mass in the anterior mediastinum. 

CFitrs 1 1 1S S ^ ia ' a ^ y outknec b rather dense, and extended laterally toward the right 

H t i . aa “ ' le leuk °cyte count was slightly elevated, being 10,400 per cubic millimeter. 
Nothing else of note was found. a ' r 

encnn«nw\ an *r9°f thoracotomy was performed three days after admission, and a well- 
]. , , e „ S ? 1 umor wus exposed in the anterior mediastinum. It was attached to the 

° . 6 ° * e * lynlu . s > anc * ext ended from the pericardium into the right thoracic cavity, 
S1U f an rendering atelectatic the middle lobe of the right lung. The tumor was 
readily and completely removed. 

lologic Repo 11 . The specimen received in the laboratory consisted of a firm, en¬ 
capsulated oval tumor mass measuring 12.0 by 9.0 by 4.5 cm. in size, and, after fixation, 
eig mg -in. The capsular surface was thin, smooth, glistening and transparent, but 

a few petechial hemorrhages, together with a few adherent fibrous tags, were present. On 
section the surfaces exposed by cutting were firm, rubbery and pale yellow (Fig. 5). While 
le co or was somewhat suggestive of a lipoma, the firm fibrous consistency of the tumor 
indicated that the mass was something more than encapsulated adipose tissue. 

The entire specimen was fixed in 10 per cent formalin solution and blocks of tissue to 
be prepared for microscopic study were fixed both in 10 per cent formalin solution and in 
Regaud’s solution. The sections were stained with hematoxylin and eosin. 

Hospital?” 1 thG Departments of Pathology and Surgery, Albany Medical College and Albany 
Received for publication Nov. 10, 1951. 
fDr. Ehler died on Nov. 5, 1951, after a brief illness. 
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Microscopic Description .—The tumor was fouml to bo an unusual type of thymoma which 
was infiltrated throughout by normal-appearing adult adipose tissue and varying amounts of 
fibrous connective tissue. Sections taken from various portions of the growth, not only 
superficially but also deep within it, showed this admixture of thymus gland and fibro adipose 
stroma to be uniformly present throughout the neoplasm, though the relativo proportions of 
each varied in amount (figs, li and 7). The thymic tissues wero readily recognizable, being 
composed of accumulations of thymic lymphocytes in which were varying numbers of well- 
differentiated Hassall’s corpuscles (Figs. S, it, and 10). The only variations from nonmil 
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tliymic parenchyma were the distorted character of the lobules and the abundance of thymic 
tissue which appeared definitely increased in amounts. The lobules appeared either as 
isolated islands or as irregu'ar narrow or broad anastomosing bands separated from each 
other by fatty stroma. There was also some loss of demarcation between cortical and medul¬ 
lary zones. “While the stroma was composed chiefly of adipose tissue, it was mixed here and 
there with loose fibrous tissue. In some places the connective tissue actually predominated, 
being present either as bands of collagen similar to those which might be found in a fibroma, 



Fig. 3.—Roentgenogram taken after operation. The tumor is no longer present, and the 

thorax appears normal. 



i,-:,. 4 _Roentgenogram taken four years after the tumor was removed. There is no chans® 

' from the appearance of the thorax as shown in Fig. 3. 
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or as loose areolar tissue containing accumulations of fat cells within it. Sometimes the 
stroma was composed of adipose tissue alone. The most typical stroma was formed by' both 
fibrous and adipose tissues with the fibrous tissue somewhat more predominant adjacent to 
the thymic lobules, while fat tissue was more abundant in the stroma further removed from 
the thymic elements. Thus, although the architectural pattern of the thymic tissue appeared 
altered and distorted by infiltrating fat and fibrous tissue, there was none of the disorderly 
tissue array that characterizes a malignant neoplasm. 

The thymic tissues themselves appeared more abundant than normal suggesting that, 
as the neoplasm grew, thymic its well its adipose anil fibrous tissues participated in the growth. 
The thymic tissue, however, became stretched or compressed as the neoplasm grew, with the 
result that it became a distorted, malformed structure within the tumor mass. 



. Fig. 5.—Photograph showing the capsular (left) and cut surfaces of the mediastinal 
‘™'°r- The neoplasm is well encapsulated, solid, and homogeneous. Note large vessels in 
capsule and foci of subcapsular hemorrhage. 

The over all picture was that of a benign, well-encapsulated tumor composed of widelv 
radiating strands of thymic tissue separated by proliferating iibro-adipose stroma. As indi¬ 
cted above, it appeared that both glandular and stromal elements participated in forming 
•he benign neoplasm, thus making it a kind of mixed tumor, a fibro-lipo-thvmoma or simply 
a bpothymoma, since adipose and thymic tissues predominated. 

The child's postoperative course was entirely uneventful. Within four days the middle 
Obe of the right lung was completely re-expanded (Fig. 3) and she was discharged on the 
enth hospital day. Periodic follow-up physical examinations during the next^five years 
ave shown no suggestion of recurrence of the tumor (Fig. 4), and there have been no "signs 
°r symptoms even suggestive of residual disability. 


DISCUSSION 

Since this girl has now lived for five years without any indication of reeur- 
retiee, it seems reasonable to conclude that this unusual thymic tumor was 
entirely benign. Its large size, the symptoms it produced, and the roentgeno- 
Sraphic findings presented no difficulty in establishing the presence of a medi¬ 
astinal mass which needed to be removed. The operation was. therefore com¬ 
pletely successful. ' 1 
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A review of the literature brings to light only one other unequivocal in¬ 
stance of an essentially similar tumor. 2 A few authors, in their descriptions of 
thymic tumors, suggest that they may have observed this type of thymic 
growth, 3 ’ 14 but only the report of Andrus and Foot clearly describes pathologic 
changes that in most respects correspond to those observed by us. The size of 
the tumor in their case, 2,235 6m., made it the largest thymic tumor ever 
recorded. In the years since their report no one else has encountered, or at 
least reported, any thymic tumor resembling this one. 



Fife'. 10.—High-power view to show the typical thymic structure of the gland. N 
thymic lymphocytes and reticulum and Hassall’s corpuscles which were present in an p* 
of the tumor. (X550.) 

Actually the changes of so-called involution of the thymus are characterized 
by atrophy of the gland with separation of the thymic lobules by a loose alveo¬ 
lar stroma. Descriptions of histologic sections from such glands, then, do not 
seem to differ significantly from the histologic features of this tumor. It has 
been noted also that with increasing age the adipose tissue component of the 
thymus increases proportionately, while the parenchyma on the other hand is 
decreasing. 13 Consequently, some question may be raised as to the nature of 
this large encapsulated growth. Is this mass really a neoplasm, or simply a 
form of fibro-adipose infiltration or an abnormal type of involution? The fact 
that the mass was circumscribed, localized, and of such large size makes it 
obviously a neoplasm, for it grew as an independent entity at a greater rate of 
speed than the normal tissues about it, ultimate^ forming the solid encapsulated 
tumor found at operation. 

Is it a lipoma or a thymoma'? This question cannot be so readily answered. 
In the strictest sense, a lipoma is an encapsulated mass of adipose tissue or 
fibro-adipose tissue which increases progressively in size, grows independently 
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of the surrounding tissues, and extends laterally by pushing adjacent struetu es 
to one side without infiltrating them. When various other components are also 
present, such as fibrous tissue, vascular tissue, etc., such terms as hbro-hpoma 
or aneio-lipo.ua may be employed. When the adipose tissue appears less promi¬ 
nent than the fibrous or vascular elements, then the terms lipomatous fibioma 
or lipomatous angioma (lipo-angioma) may be employed Ibis tumoi * 
firm, rubbery, pale yellow neoplasm, ovoid in shape, encapsulated, and more i 'e 
a fibromatous tumor than the soft, lohulated, bright \ellow ^io\\ti t la is le 
typical lipoma. Therefore, this neoplasm did not seem to be a lipoma, a t iou^ 1 
it did not resemble a thymoma either. 

A thvmoma, on the other hand, has always been difficult to characterize 
or classify. This is especially true of the malignant group where either lymph¬ 
oid or epithelial elements, or both oi them together, nun paitieipate in t e 
neoplastic growth. With regard to benign thymic growths, the greatest diffi¬ 
culty is to differentiate between hyperplasia and neoplasia. Benign thymomas, 
however, characteristically possess a distinct capsule and histologically exhibit 
a distorted thymic structure often with a loss of eortieo-medullary boundaries. 
Thickened trabeculae are generally encountered. Stince most benign thymic 
tumors are adenomas, they are generally composed of solid masses of small 
round cells resembling lymphocytes infiltrated with thymic reticulum and 
Hassall's corpuscles. The observation has been made that fat characteristically 
does not infiltrate these tumors. 6 Consequently a benign thymic adenoma is 
an encapsulated,, circumscribed tumor composed of structurally . disananged 
thymic elements often with dense dividing trabeculae, and usually de\ oid of 
adult fat cells. 


The growth in our case, then, is characteristic of a benign thy mic tumoi 
which, however, is not a simple adenoma. I*or histologically the giowth pioied 
to be composed of thymic, adipose, and some fibrous tissues, thus making it a 
mixed tumor. The lymphoid elements, Hassall s corpuscles, thymic lobular 
arrangement, and thymic reticulum, unequivocally indicated its thymic nature. 
The noteworthy feature, as can be seen from the illustrations, is the marked 
and abundant admixture of thymic tissue with fibro-adipose stroma. 

How shall a tumor of tliis type be named ? Since the histologic nature and 
origin of many thymic tumors is still a subject of controversy, the organ desig¬ 
nation with the suffix "oma" has served as the most satisfactory compromise 
for an admittedly unsatisfactory method of classification. This situation is not 
unique, however. For example, some tumors of the liver are still referred to 
a s hepatomas; some which arise in the kidney are called hypernephromas; and 
those that arise in glial tissue are gliomas. It would seem appropriate, there¬ 
fore, to designate this tumor a lipothymoma. If the expression, fibrolipoma, 
can mean a lipoma with fibi-ous tissue elements in it, then a lipothymoma may 
be interpreted as a thymoma with adipose tissue elements in it. The term 
thymolipoma might also be used, though thymolipoma emphasizes the lipomatous 
character of the growth rather than the associated thymic element. This uu - 
Us Ual tumor, then, is considered to be a lipothymoma, for it is so obviously com- 
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posed of glandular and stromal tissues which grow as a true tumor. Moreover, 
both of these tissue elements appear to have participated in the formation of 
the neoplasm. 

While maipy thymomas, both benign and malignant, may be associated with 
myasthenia gravis, in this ease, and in that of Andrus and Foot, they were not. 
It is also noteworthy that both patients were children, one a 10-year-old girl, 
the other a 13-year-old boy. Both tumors were composed chiefly of adipose or 
of fibro-adipose tissue growing intimately and coordinately with titanic tissue. 
Although other unambiguous instances of similar neoplasms have not been 
recorded, or at least cannot be readily found in the literature, mention should 
be made of the report by Norris, 14 who recorded four instances of tumors asso¬ 
ciated with myasthenia gravis. His Case 1 was that of a 37-year-old woman 
with this disorder. At necropsy a thymic tumor weighing 57 Gm. with two 
cervical projections was found. The major mass of the tumor had a solid cellu¬ 
lar structure, but sections from one of the projecting masses, designated as the 
left cervical neck, revealed a histologic picture similar to that of the tumor in 
our case. The tumor in his second ease was in a 33-year-old white man who 
also had myasthenia gravis. This tumor weighed 17 Gm., and the histologic 
pattern was described as showing a lobular arrangement of thymic tissue with 
tonguelike projections separated by loose areolar tissue and dense fibrous tissue. 
Possibly both these tumors belong in this category of lipothymoma. 

The thymic nodules reported by Alter and Osnato 1 do not resemble this 
entity, lipothymoma, as the title of their own paper clearly indicates although 
Andrus and Foot considered some similarity to exist. Furthermore, the tumor 
reported by Danisch and Nedelmann 8 is also in no way similar to this tumor 
type though it seems so regarded by Andrus and Foot. A translation of the 
title of their article clearly shows the dissimilarity. “A malignant thymoma 
in a 314-year-old child with unusual metastases to the central nervous system.’ 
Perusal of this paper shows the histological pattern of their tumor to be clearly 
different. 

It was thought that perhaps some of the recorded lipomas of the anterior 
mediastinum might be, in reality, tumors of this type. 5 - 10 - "> 16 Possibly the 
thymic nature of yellow fatty-appearing tumors overlying the pericardium be¬ 
neath the lower end of the sternum was simply overlooked. Beatson 3 records 
the case of a 45-year-old man in the anterior superior portion of whose medi¬ 
astinum was an orange-sized lipoma. It was thought possible that this tumor 
might contain thymic elements. Unfortunately, no confirmatory microscopic 
studies were made. None of the other of more than fifty examples of mediastinal 
lipomas contains any reference to thymic tissue in fat. To be sure, histologic 
reports do not accompany all of the cases, yet, where recorded, mention is made 
only of mature fat, sometimes with an admixture of their connective tissue 
elements. 

Finally, reference is occasionally made to lipomas of the thymus. How¬ 
ever, no definitive bibliographic reference with histologic characterization could 
be located. For example Crotti 7 in cataloging tumors of the thymus states, “A 
lipoma has been reported by Wadde, Miinchmeyer and Muller.” Yet his bibli- 
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ograpliy gives no reference which can be cheeked. Karsncr’- mentions that 
lipomas of the thymus have been reported. The only reference he cites in which 
lipomas arc mentioned is that of Margolm. 1- * ^ ct all this latter author say.-> is 
that lipomas have been reported occasionally. His review and that or Bell* 
have recorded most of the thymic tumors in the older literature, but neither 
of them cites a reference to a report of a lipoma of the thymus gland. Further¬ 
more Geschickter,’ in an extensive review of lipomas, fails to record a lipoma 
of the thymus, although notations of such rare occurrences as a lipoma of the 
larynx and of most interna] viscera is made. To be sure, an exhaustive search of 
the literature of the nineteenth century might turn up a concrete example. 
However, it is not certain that such a report would bear careful scrutiny. as 
such a case from the mediastinum only? How was it determined that this 
lipoma was located in the thymus ? "Was it by gross observation alone? A\ as 
an involuted fatty thymus called a lipoma ? V* as an encapsulated mass of 
adipose tissue found in a thymus gland ? It is even possible that this and other 
vague references to lipomas of the thymus refer to the entity herein described 
as lipothymoma, although we have been unable to verify this supposition. 

Thus only one other unequivocal similar case is recorded in the literature 1 
aud two other plausible instances.” whieh were dissimilar in that they occurred 
in adults and were associated with myasthenia gravis. Of course tumors of 
the thymus are uncommon, and benign thymic tumors make up only a small 
percentage of this group. For that reason this entity, lipothymoma, will at 
most he eneoiuitered only infrequently. 


FINAL SUMMARY 

A rare benign thymic tumor composed of thymic and fibro-adipose tissues 
is described and its nature and possible origin are discussed. The neoplasm 
developed in the anterior mediastinum of a 10-year-old girl and was unasso¬ 
rted with myasthenia gravis. It is suggested that it be designated a 
lipothymoma. 
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THE PERIVASCULAR SPACE OP THE PULMONARY VESSELS 
Anatomic Demonstration® 

Alfred M. Tocicer, M.D., and Hiram T. Langston, M.D. 

Detroit, Mich. 

TT IS generally conceded that a cleavage plane exists around the 
1 vessels. Under certain pathologic conditions, this potenti P 
may be converted into a very real and actual space. Escape of air in several 
clinical conditions, such as pulmonary interstitia enip D sema, j ia ° 

these perivascular channels from alveoli which are ase a on„ ^ o 

been postulated and demonstrated by several ln^es iga ois. J venous 
ported the observation of air bubbles in the pulmonic arterial 'fT* 
vascular sheaths following intratracheal introduction of air under piess ue m o 
the lungs, and noted that the air often found its way into the opposite liui as 
weU as into the mediastinum. Similar observations are reported by Joanmdes 
and Tsoulos. 1 In the isolation of pulmonary blood vessels for ligation, limited 
sectional demonstrations of this cleavage plane are easdy exhibited However, 
although textbooks generally mention the existence of a fibrous sheath enclosing 
vessels, actual anatomic demonstration of this space has been lacking, and there 
is a paucity of information concerning the peripheral and central extent an 
relations of this cleavage plane. 

We have endeavored to demonstrate this pulmonary perivascular space in 
the dog by gross, microscopic, and roentgenographic methods in order to 
determine the relations of this space to the vascular trunks and arborizations 
within the lung as well as its central relations to the pericardium. 


. METHOD 

The perivasc ular space was entered at the hilum by blunt dissection through as small an 
opening as possible, and identified by the fact that not until the perivascular space was entered 
did separation along a cleavage plane by blunt dissection occur with ease. 

A small length of polyethylene tubing of a diameter sufficient to permit a blunted 
No. 18 needle to fit very snugly into its lumen at one end was introduced into the perivascular 
space. The tube was secured by placing a ligature tightly around the vessel, compressing 
the tubing between the outer wall of the perivascular space and the wall of the enclosed vessel 

From the Department of Surgery, Wayne University College of Medicine, and the Thoracic 
Surgery Service, Herman Kiefer Hospital, Detroit, Michigan. 

Received for publication Nov'. 15, 1951. 

•An exhibit of this anatomic demonstration of the pulmonary perivascular system was 
presented at the meeting of The American Association of Anatomists in Detroit, Mich., in 
March, 1951. 
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in such a manner as to exclude the opening through which the tubing had been introduced. Ten 
to 20 per cent bismuth oxychloride (the less concentrated solution being used in the living 
animals) was injected under moderate pressure through the polyethylene tube into the closed 
space thus created. 

While a tubiug of smaller diameter might have been preferable, the injected radiopaque 
solution was forced through even the No. 18 needle with difficulty, a 50 c.c. syringe being 
used to permit the application of moderate force. The nature of the bismuth oxychloride 
solution made it possible to observe the course of the injection grossly as it dissected its way 
along the perivascular space, and secure roentgenographic demonstrations of the extent and 
pattern of its spread, as well as microscopic sections showing the relation of the injected 
material to the lung structures and vessel wall. 



A. B. 

Fig. 1.—Anteroposterior and lateral roentgenograms of a living dog taken five days a ter 
left unilateral injection of pulmonaiy artery demonstrating ipsilateral and contralateral p 
arterial spaces. 


In heart-lung preparations removed en masse, and in living animals in which periphera 
and central injections were made, the ligature was first passed through a small rubber m 
approximately 0.5 cm. in diameter, which was then placed behind the vessel after the aitery 
or vein had been bluntly dissected free of the surrounding tissues, care being taken to slay 
well outside of the perivascular space. The rubber ball, upon tying this ligature, compresse 
the tissues without harming the vessel wall, and could easily be released to permit redirecting 
of the tubing in the perivascular space into the opposite direction for further injection. Bue 
mechanical difficulties involved in some of the injections, particularly in those of the veins 
of individual lung specimens, the larger tributaries rather than the main pulmonary vesse 
were injected individually. 

Injection was continued in each direction until the pressure of the fluid in the peri 
vascular space caused marked bulging of the surrounding wall, until leakage occurred, or unti 


TOCKER AND LANGSTON: PERIVASCULAR SPACE OP PULMONARY VESSELS 541 


the injected solution could be seen well out around the small vessels in the periphery of the 
lung. 

Using individual right- and left-lung specimens, injections were made to demonstrate the 
following perivascular spaces peripherally on each side: (1) inferior pulmonary vein, (2) 
superior pulmonary vein, (3) inferior and superior pulmonary veins, (4) pulmonary artery, 
and (5) all vessels. 

Using individual heart-lung preparations removed intact en masse, injections were 
made to demonstrate the perivascular spaces peripherally and centrally as follows: (1) left 
inferior pulmonary vein, (2) left superior pulmonary vein, (3) left pulmonary artery, (4) 
right inferior pulmonary vein, (5) right superior pulmonary vein, and ((5) right pulmonary 
artery. 

Using living animals, injections were made to demonstrate the perivascular spaces as 
follows: (Dog No. 1) left inferior pulmonary vein, peripherally; (Dog No. 2) left superior 
pulmonary vein, peripherally; (Dog No. 3) left inferior and superior pulmonary veins, 
peripherally; (Dogs No. 4 and No. 5) left inferior pulmonary vein, peripherally and centrally; 
(Dogs No. ti and No. 7) left superior pulmonary vein, peripherally and centrally; (Dogs 
No. S, No. 9, No. 10, No. 11, No. 12, and No. 13) left pulmonary artery, peripherally and 
centrally. 



arrow- 

vein. 


K ‘S- --—Peripheral and central injection of inferior pulmonary vein at point marked by 
■. demonstrating contralateral inferior pulmonary vein and ipsilateral superior pulmonary 


As a corollary study, the lungs of four heart-lung specimens were inflated by intra¬ 
tracheal insufflation under pressure. In two specimens in which air appeared in the peri¬ 
vascular spaces and traveled centrally into the hilar region, the space created by the passage 
°t air along the vessels was injected with bismuth oxychloride solution and studied micro¬ 
scopically. 

experimental observations 

All peripheral injections were made with comparative ease. Roentgeno¬ 
grams taken with the lungs inflated revealed the existence of a continuous 
ceavage plane around the most distal branches and tributaries of all the 
Pu onary vessels (Figs. 1 and 2). Microscopic sections of the injected tissues 
evealed the injections to have entered a discrete perivascular space, closely 
•mowing the most minute branchings of the vessels (Figs. 3, 4, and 5)’. 
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Injections directed centrally into the arterial perivascular space of two 
living dogs resulted in the solution breaking into the mediastinum. However, 
in two of the dogs the perivascular space of the main pulmonary artery as well 
as that of the contralateral vessel was clearly shown on roentgenograms taken 
immediately and several days after injection (Fig. 1). Similar findings re¬ 
sulted from the injections around the arteries of the heart-lung preparations. 
Careful examination revealed no evidence of the injected solution within the 
blood vessels. 



‘ _i.—___^_-•--- 1 

Fig 3.—Low-power field demonstrating bismuth mass in perivascular spaces. 

Injections centrally into the perivascular space of the pulmonary veins 
were consistently unsuccessful in the living animals. In the heart-lung 
preparations these injections, occasionally accomplished with comparative 
ease, often required repeated trials. "With the pericardial sac opened, it was 
noted that the injections often resulted in the solution breaking through the 
serous pericardial covering of the left atrium at several points. By plugging 
these several leaks as they occurred by placing pressure over this region wi 
our fingers, the solution could be forced beyond and eventually reached the 
contralateral perivascular spaces, at which time there was a distinct decrease 
in the resistance to the injection. Central injection of the perivascular space 
of one pulmonary vein in several specimens resulted in the spread of t e 
solution to the other ipsilateral vein as well as to the contralateral veins 
(Fig. 2). 

Microscopic slides made following injection of the perivascular space 
created by the passage of air during intratracheal insufflation under pressure 
of two heart-lung preparations showed the solution to be in a perivascular 
space similar in all respects to those studied by the above methods. 



Fi S' 5.—Perivascular space demonstration at 


vascular bifurcations. 












544 


THE JOURNAL OP THORACIC SURGERY 


DISCUSSION 

„ 11r and CentraI inj ' ection of a radiopaque solution under pres- 

n o e e eavage plane between the pulmonary vessel walls and the 
surrounding tissues at the hilum of the dog’s lung in the living animal, as well 

11 ^ - Ua ^ s ^ ecaniens ar *d in heart-lung prepai'ations removed en 
masse definite disseetable ipsilateral and corresponding contralateral peri- 

areu ai spaces have been identified grossly, microscopically and roentgeno- 

graphically. . 


e injected solution apparently follows the line of least resistance in 
spiea mg along this areolar cleavage plane. Embryologically, the pulmonary 
veins ia\e as an adventitia a very loose mesenchymal structure whose elements 
aze aigely longitudinal and which may be very easily split under even slight 
injection piessure for a distance which, peripherally, is conjectural, and it 
as been suggested that the injected solution follows such a plane. 3 Within 
t e lung, the bases of the marginal alveoli appear to make a tunnel-like in- 
i estment for aiteries and veins, enclosing the perivascular space between the 
\ essel walls and the marginal alveolar bases. In the ease of the arteries, it 
las been suggested that the injeeted solution is guided by the adventitial 
covering of the vessels peripherally and centrally. 

With regard to the injection of the contralateral venous perivascular 
spaces, the possibility that the solution finds its way across the midline into 
the corresponding perivascular space by chance is to be considered. How¬ 
ever, it is speculated that at the hilum this perivascular sheath represents an 
extension of the fibrous pericardium along the vessels. The pericardial space 
itself is apparently separated from the perivascular space by the reflection of 
the serous pericardium. The reflection of the pericardium at the junction of 
the pulmonary veins with the right atrium suggests a continuous nature for 
this space across the midline connecting the perivascular spaces of all the pul¬ 
monary veins as well as, probably, those of the superior and inferior vena 
cavae. 4 


Prom practical experience in the performance of pulmonary resections, 
exposure of the vessels at the hilum as well as in the fissures is greatly 
facilitated by dissecting within this areolar perivascular space, which is rela¬ 
tively avascular and has been found to remain surprisingly free even in cases 
exhibiting advanced lymphadenopathy, excepting, of course, those cases show¬ 
ing advanced calcification or carcinomatous infiltration. 

Once this perivascular space is entered and the vessel freed within its 
tunnel, clean incision of any overlying structures can be practiced with 
safety. I his will often save much in time as well as offer freedom from 
annoying bleeding. 


SUMMARY 

The existence of a readily identifiable perivascular space about the pul¬ 
monary vessels has been anatomically demonstrated by gross, microscopic and 
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roeutgenographic methods, showing the relations of this space to the Yaseular 
trunks and arborizations within the lung. Its relation to the pericardium and 
the contralateral Yaseular bed has been commented upon. 

The information acquired concerning the nature and extent of these peri¬ 
vascular spaces is of great practical value in performing pulmonary resections 
in clinical cases, and may well explain pathologic processes in several clinical 
conditions. 
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CYSTIC DISEASE OF THE LUNGS 

Francis N. Cooke, M.D.,* Miami, Fla., and Brian Blades, M.D., 
Washington, D. C. 

T HE incidence of cystic disease of the lungs is greater than- earlier reports 
would appear to indicate. Although pulmonary cysts have long been recog¬ 
nized as a pathologic entity, the diagnosis was infrequently made until Koontz 1 
introduced the subject into American literature in 1925. Eleven years later 
Schenck 2 was able to find only 233 cases in the literature, two-thirds of which 
were in foreign publications. Since that time the importance of this disease 
has become well recognized, as is evidenced by the now voluminous literature 
on the subject. The incidence, however, has been difficult to ascertain, princi¬ 
pally because of differences in classification and variations in nomenclature. 
Hospital dispositions and routine autopsy reports are recognized sources of 
information on disease incidence. At Walter Keed Army Hospital there weie 
51,199 dispositions during the period from February, 1947, to January, 1951. 
Of this group there were twenty-one patients in whom the diagnosis of con¬ 
genital bronchogenic cysts was made. The incidence based on these data is 
forty-two cases of bronchogenic cysts per 100,000 hospital dispositions. Othei 
pulmonary cysts such as subpleural blebs and bullous emphysema could not 
be traced because of improper classification. However, during this period them 
were fourteen cases of recurrent pneumothorax that were caused by rupture 
of subpleural blebs treated surgically. 3 Weaver and von Hamm 4 reported two 
cases of pulmonary cysts in 6,000 consecutive autopsies, although Lederer 5 fount 
none in 5,000 autopsies, many of which were performed on infants and children. 
The advent of routine chest roentgenograms has been another source of m 
formation in the establishment of the incidence of this disease. Edwards ant 
Ehrlich 6 found two cases of pulmonary cysts and one case of bullous emphysema 
in preinduction chest roentgenograms of 41,819 inductees and guardsmen. 
From their figures it can be estimated that the incidence of congenital cystic 
disease of the lungs in asymptomatic young adults is five per 100,000 population. 

It is obvious from the differences in the above figures that neither routine 
roentgenograms, autopsy specimens, nor hospital dispositions alone give an ae 
curate picture of the incidence of cystic disease of the lungs. This is particular y 
true of x-ray examinations when it is realized that routine chest roentgenograms 
will not reveal all types of pulmonary cysts. Two of the cases reported in t us 
series could not have been diagnosed by routine chest roentgenograms. 

It is even more difficult to determine the incidence of pulmonary blebs an 
bullae; this is due in a large measure to the lack of uniformity in diagnosis an 
in most instances the lack of pathologic specimens to confirm the clinical im¬ 
pression. However, it can be stated with some conviction that cystic disease o 
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the lungs is a relatively common disease and that the diagnosis must be con¬ 
sidered in any case in which chest symptoms persist and in which the diagnosis 
is in doubt. 

There have been so many articles in the recent medical literature on cystic 
disease of the lungs that the authors hesitate to add more to what is already an 
overcrowded field. Despite the extensive literature on this subject, there is 
still much confusion as to the classification and nomenclature of this disease, 
ilooreman/ in the chapter on pulmonary cysts in The Chest and the Heart, 
makes this statement: “Increasing knowledge has not only failed to simplify 
diagnosis but it has confused rather than clarified the question of classification.” 
This state of confusion is shared by other authors. In the 1947 edition of 
Boyd’s s Surgical Pathology, this statement is made: “It is not possible to 
write a satisfactory account of cysts of the lung for the pathology is so confused 
and there is no correlation between the pathological and clinical picture.” The 
varied nomenclature has indeed served to becloud the issues. At the Armed 
Forces Institute of Pathology 0 in "Washington, D. C., there are twenty-eight 
synonyms under which cases of cystic disease of the lung are filed (Table I). 

Table I 


Congenital bronchiectasis IS 

Fetal bronchiectasis 1 

Embryonic cyst of the lung 1 

Cyst, multiple, lung, congenital 3 

Cystic bronchiectasis 12 

Polycystic disease, congenital 2 

Multiple pulmonary cysts 15 

Bronchogenic cysts 99 

Emphysema, congenital 1 

Adenoma, bronchogenic, congenital 1 

Cyst, bronchial, congenital 6 

Cyst, solitary, congenital, pulmonary 60 

Bronchiectasis, broncliiolar 1 

Cysts, inclusion, multiple, lung 1 

Cystlike cavity, lung 1 


Table II 


Bronchiectasis neonatorum 

Atelectatic bronchiectasis 

Telangiectasis 

Bronchiolectasis 

Cystic fetal bronchial adenoma 

Honeycomb lung 

Congenital pulmonary lymphangiectasis 
Congenital cystic malformation of the lung 
Cystic inclusion of the lung 


Other synonyms have been gleaned from the literature (Table II). Many 
of the diagnoses listed here were used by earlier writers and were based on the 
then current concepts of the etiology of the disease. Koontz, 1 and later Schenek, 2 
m a. clinicopathologic study of cystic disease of the lung, reported in detail the 
various theories of pathogenesis which have at one time or another been proposed 
for congenital cysts of the lung. Many of these older terms have been discarded 
and the theories of pathogenesis discredited. However, there are still a host 
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Table III. Cystic Disease of tiie Lung 


I. Congenital Pulmonary Cysts. 

A. Bronchogenic cell type 

1. Solitary 

2. Multiple 

B. Alveolar cell type 

1. Solitary (balloon eyst, pneumatocele) 

2. Multiple 

C. Bronchogenic and alveolar types combined 
II. Acquired Pulmonary Cysts. 

A. Bullous emphysema 

B. Subpleural blebs__ 


of pathologic conditions erroneously classified under cystic disease of the lung, 
and there are also many cases of cystic lung disease which are not recognized 
and therefore improperly classified. In recent years we have used a classifica¬ 
tion which includes all types of cystic lung disease, and which we believe will be 
acceptable to both clinician and pathologist. It is not the purpose of the authois 
to add to the nomenclature already exhaustive in variety and scope. On t ic 
contrary, this classification utilizes the terminology which is most frequent j 


found in present-day literature (Table III). , 

For the purpose of classification, cystic disease of the lungs can be dn k ec 
into two large groups: the congenital and the acquired. 10 ' 12 The acquired type 
of so-called cystic lung disease should probably be included under emphysema 
and not in this classification. However, because most authors include acqunec 
as well as congenital cysts in their series, and also because it is occasional]) no 
possible to distinguish between the two, both types of cystic disease will be c is 

cussed as a group. , 

Chrmic lung abscess has not been included in this classification, a tioug 
such cavitations are sometimes termed acquired cysts or abscess cysts, the jus i 
fication for such terminology being that in some chronic pulmonaiy a ^ es ^’ 
there is an ingrowth into the cavity of cuboidal or columnar epithelium, 
though it is a well-recognized fact that squamous metaplasia frequently occius 
in such cases, ciliated epithelial replacement of the pyogenic membiane o ai 
abscessed cavity occurs so rarely, if it occurs at all, that the authois have pui 
posely not included that type of case. The term chronic lung abscess c e nes 
so clearly that pathologic entity that an attempt to include it in a classi ca ion 
of pulmonary cysts would in our opinion be a mistake. 


CONGENITAL PULMONARY CYSTS 

Congenital cysts of the lung are one of three types, depending upon the 
cellular component of the cyst wall. The bronchogenic cysts are those in w uc i 
the wall of the cyst is lined by bronchial mucosa with either tall columnar oi 
cuboidal ciliated cells. These cysts may be single or multiple. They may e 
confined to a segment or diffusely scattered throughout the entire lung. »ma , 
diffusely scattered cysts which communicate with the bronchi have the appear¬ 
ance on bronchography of saccular bronchiectasis. When seen in infancy or 
childhood, this type case has frequently been classified as congenital bronchiec¬ 
tasis fetal bronchiectasis, or bronchiectasis neonatorum. Superimposed mtec- 
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tion will in many instances make a proper diagnosis difficult, particularly if the 
infection is long standing. There are certain features in which the congenital 
malformation differs from acquired bronchiectasis. The distribution of the 
lfoion is an important indication of the nature of the disease. In acquired 
nonchieetasis the dependent portions of the lung, particularly the basilar seg¬ 
ments of the lower lobes and lingular segment of the upper lobe, are most fre¬ 
quently involved. In congenital cystic disease of the small, diffuse type, the 
uppei lobes are often the site of the lesion. In the congenitally malformed lung 
t ie c\stie areas in many instances are of a uniform size compared to both tubular 
and saccular dilatations seen in acquired bronchiectasis. The histologic picture 
111 tlle congenital malformation will characteristically show bronchial type mu- 
co '. a unless superimposed infection has destroyed this membrane. In the ac¬ 
quired disease in which saeculations are apparent, there will be evidence of 
considerable inflammation and scarring. Two cases of congenital cystic disease 
oi the lung have recently been reported by Ravitch and Hardy 11 in which they 

esenbed the bronehographic appearance of the c-vsts as “grapes hail "in" from 
a stem. 11 ° ° 


As pointed out by Anspaeh and Wolman. 15 the postnatal behavior of con¬ 
genita evsts will depend in a large degree upon whether or not they communi- 
e with a bronchus. Although a bronchial communication may not be present, 
mieetion may enter the cyst by extension from adjacent diseased tissue. In the 
!? K 1 CxponeiK '° aU infected cysts have communicated with the ainvav- 
c ler the infection preceded the bronchial communication or not is not known.' 
ie converse that all cysts with bronchial communications are infected Is of 
course, not true. ’ 


jectbirr t’ fi S ° llt T C :* sts 01 bl 'o nehos enic origin are frequently found pro- 
fiedi'T ,T Stlmim - S ° me ° f theS<? c - vsts have 011 occasion been classi- 
of nm n &S T y 1 1 0be ' S ° r aceessor - v hm * s " DeBakc-y 17 considers the appearance 
"enie Z t' ^ °f ed luUg parench - vnia about the periphery of the broncho- 

deTnite h T° n t0 da - SSify theSe nialf ormatioas as aceessorv lobes 

' X . the Iaet That the vascular pedicle arises from the svstemic rather than 

1 br»r ary dKUla r ,he proposed he're n.ediaSool “ 

lonehogenie origin have purposely not been included. 

he alveolar type cysts are those in which the wall of the orct , 

? L %tsqugmoimeelIs characteristic of the air sacs 13 This tvnc" of C ° mposecl 
has a bronchial communication. Rarelv as a result'of - * ah ™r s 

contain both flutd^d 'ai. The 1 ^ r ° 

.r “o s; ” 

Uieu, and slK .]j a ease ^ reDortp .i - e oc 

classmed as a case of bullous emphysema sobtari cyst, it was 
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months to 13 years. In a similar article entitled “Regional Obstructive Em¬ 
physema in Infants and Children,” Coffey 23 reported on twenty such cases. 
All of the patients in both series underwent spontaneous cure. The cases illus¬ 
trated in those articles are similar to the type cases which we have classified as 
congenital in origin. Although we are not convinced that such a stand on our 
part is entirely correct, there are certain facts which must be considered. Pneu¬ 
monic infiltration is a relatively frequent complication of cystic lung disease, 
and it is possible in some of their illustrated cases that the pulmonary cysts 
were complicated by pneumonia rather than cystic areas resulting from the 
pneumonia. In addition, bullous emphysema as we know it in the adult runs 
a clinical course so entirely different from the cases reported by Benjamin and 
Childe and by Coffey that one hesitates to accept the two pathologic conditions 
as similar. ‘If in the course of future investigation it is demonstrated that this 
disease is bullous or obstructive emphysema, then it will be necessary to divic e 
bullous emphysema into an adult and an infant type because of the extieme 
difference in the clinical course of the two disease processes. At the piesent 
time we are manifestly handicapped because there have not been specimens 01 
pathologic examination. 

The large solitary balloon cysts or pneumatoceles have been included un ei 
congenital cysts for several reasons. These cysts occur more frequently m m 
fants and children. 3 - 12 - 24 The structure of the solitary cysts is quite different 
from the emphysematous bullae 25 from which they must b.e differentiated. m 
solitary cyst is completely lined with alveolar type cells and as a mle ms a 
single bronchial communication. All adjacent pulmonary segments aie ana 
tomically normal except for compression atelectasis due to the enlarging ba oon 
cyst. The fact that these cysts have been found in adults does not necessaii j 
refute the claim that they are congenital in origin. The important point is no 
whether these cysts are congenital in origin or not, but because of the diffeience 
in prognosis and management, they must be distinguished from emphysematous 

bullae. _ , 

The congenital cysts in which there exist both bronchogenic mucosa an e 
flat alveolar cells of the air sacs are rare, but have been reported. 

Congenital cystic disease of the lung results from an anomalous deve op 
ment of the lung anlage, and the characteristic cellular components of the ma 
formation will b.e determined by the age of the individual at the time that ie 
malformation occurs. If Broman’s 20 observations are correct, the malformations 
could conceivably occur after birth and may account for some of the wane 
clinical manifestations seen in infants and children. He quotes the woi t o 
von Selenka, Narath, and Brehmer to corroborate his observations. Broman 
states “. . . that the definitive lung parenchyma (total alveolar mass of tie 
adult) of man and the other placentalia, for the most part becomes built a tei 
birth.” He further states that . entirely new alveoli and alveoli processes 
develop after birth.” This process is complete and adult type lung parenchyma 

is established in early adolescence. . 

The following case reports will be used to illustrate the proposed ciassi 
tions. The authors are indebted to Colonel Joe M. Blumberg, M.C., Pathologist, 
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Walter Reed Army Hospital, and Dr. Theodore Winship, Consultant in Path¬ 
ology, Walter Reed Army Hospital for reviewing with us the pathology in each 
case. Some of the problems which arise in the management of cystic lung dis¬ 
ease will be discussed. 



Fig. l—(Case 1.) Fosteroanterior roentgenogram of the chest showing multiple radinlncen, 

areas in the left lower lung Held. rauioiucent 



cysts. 
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Case 1.—A 23-year-old white man was admitted to the hospital with chest pain, 
productive cough, and fever of six weeks’ duration. During the nine months prior to 
admission, the patient had had several similar episodes. Each episode which was diag¬ 
nosed as pneumonia had responded slowly to antibiotics. A chest roentgenogram showed 
multiple radiolucent areas in the left lower lung field (Fig. 1), in one of which there is 
a fluid level. Broncliograms showed no filling of the superior segment of the left lower 
lobe and one large saccule in the posterior basilar segment. A diagnosis of cystic disease 



Fig. 3.— (Case 1.) Photomicrograph showing the ciliated columnar epithelium. Neutrophilic 
granulocytes can be seen in the exudate. 



Fig. 4.—(Case 2.) 


Posteroanterior roentgenogram of the chest showing multiple 
lucent areas in the left upper lobe. 


radio- 
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o£ the lung confined to the left lower lobe was s^fthe'superiorVnd posterior basilar 

performed. The specimen revealed many cystic aiu i evidence of con* 

segments of the left lower lobe which were filled with pus and1 siurn d u.id ^ 

siderable inflammatory reaction involving the eonUgnous lung tissue. H■ - ' 11 

- - *- si' ™t-“—; - 

C. m »-«p- «>- —“ ““ '■» 



«* 5. (Case 2.) The “X SS? ** ^ 



j-V.C.v.v. v‘ /it 

N'-'iV.v.w.- 


iA.v>v;,'.i? fall rsAumnsur, cfJPste/j epl- 
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Case 2. —This 31-year-old white man was admitted with the following history: six 
months prior to admission he complained of pain in the chest, became febrile, and coughed 
up large amounts of pus. A roentgenogram at that time revealed radiolueent areas in the 
left upper lobe (Fig. 4). Later roentgenograms of the chest revealed decrease in the 
inflammatory reaction in the left apex, but the radiolueent areas were still apparent. The 
patient became asymptomatic. Bronchograms revealed a normal tracheobronchial tree 
on the left except for absence of filling of the apical posterior segment of the upper lobe. 



Fig. 7.—(Case 3.) Bronchography showing what was believed to be saccular bronchiectasis 
involving the right upper and right middle lobes. 


Tuberculosis work-up was entirely negative. At operation cystic disease confined to the 
apical posterior segment was removed by segmental resection. The patient made an un¬ 
eventful convalescence and returned to duty. 

Pathology: Numerous fairly large cysts were demonstrated (Fig. 5). Tall, columnar 
ciliated epithelium lined the cyst walls (Fig. 6). This case is also classified as congenital 
cystic disease of the lung, bronchogenic type, multiple cysts, confined to the apical pos¬ 
terior segment of the left upper lobe. 

Comment .—These two eases represent fairly large bronchogenic cysts which 
were found deep in the structure of the lung. The symptoms were caused by 
secondary infection. The cysts communicated at least periodically with the 






COOKE AND BLADES: CYSTIC DISEASE OF LUNGS 


ODD 


airway which allowed for drainage of their contents. Repeated respiratory in¬ 
fections with productive cough and fever and persistence of abnormal roentgeno¬ 
grams of the chest brought these patients to the hospital. 

Case 3. —This lS-year-old white man gave the history of an episode of chest pain 
and hemoptvsia at the age of 14 years following a tonsillectomy. At that time he was 
told that he had a lung abscess which drained beneath the right axilla. This drained peri¬ 
odically for two years. Prior to enlistment ho had been asymptomatic for two years. 
Soon after basic training, however, he had an upper respiratory infection following which 
he noticed purulent drainage and air escaping from the old sinus tract in his right axilla. 



Fig. S.—(Case 3.) Photomicrograph o£ a section taken through one of the cystic areas 
showing ciUated bronchogenic mucosa lining the cyst 

Bronchography revealed what was considered saccular bronchiectasis involving the right 
upper and right middle lobes (Fig. 7). The sinus tract communicated with a large bronchus 
m the right middle lobe. A right upper and middle lobectomy was completed. The opera¬ 
tion was staged because of anesthetic difficulties. The patient made an uneventful re¬ 
covery and was returned to military duty. 

Pathologic examination showed small cystic areas which communicated with the 
small bronchi. These were diffuse throughout the entire upper and middle lobes. Micro¬ 
scopic examination of the tissue revealed the characteristic cellular pattern of congenital 
bronchogenic cysts (Fig. 8). 

Comment .—The distribution of the cystic areas as seen on bronehograms, 
namely, that the disease was completely eonfined to the middle and uppeAobes,' 
Pins the fact that the saeculations seemed fairly uniform in size with no tubular 
latations, suggested the possibility ox congenital malformations within the 
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Fig. 9. 

Fig-. 9.—(Case 4 .) 
involving the right lower 
Fig. 10.—(Case 4 .) 
ing pulmonary segments. 


Fig. 10. 


Bronchography demonstrating saccular bronchiectatic dilatations 
and posterior segment of the right upper lobe. 

Postoperative bronchogram showing good expansion of the remain- 
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pulmonary parenchyma. Careful examination of the specimen by the pa¬ 
thologist confirmed the clinical diagnosis of congenital cystic disease of the lung, 
bronchogenic type, multiple, confined to the right upper and right middle lobes. 


'narkim?' 1 ~'7 ~~' Case 5.) Posteroanterior roentgenogram of the chest showing lack of lung 
bnptmw? an< * a *niost complete replacement of lung tissue of the left hemlthorax. A small 
v •eumothorax exists in the right lower lung field. 
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Case 4. —This 21-year-old white man presented symptoms of a chronic productive 
cough of four years’ duration. He gave a history of having had bronchopneumonia at 
four months of age with several recurrences of pneumonia during infancy. Bronchography 
revealed saccular bronchiectatic dilatations involving the entire right lower lobe and the 
posterior segment of the right upper lobe (Pig. 9). The patient was operated on, and a 
right lower lobectomy and segmental resection of the posterior segment of the right upper 
lobe was accomplished. The patient recovered and returned to duty. Postoperative roent¬ 
genogram of the chest revealed good expansion of the remaining pulmonary segments 
(Fig. 10). 

The pathology report was of multiple small cysts lined with bronchial type epithelium 
involving the entire right lower lobe and the posterior segment of the right upper lobe 
(Fig. 11). These cystic cavitations communicated with the bronchi. This case is classified 
as congenital cystic disease of the lungs, bronchogenic type, multiple, confined to the 
right lower lobe and posterior segment of the right upper lobe. 



Fig. 14.— (Case 6.) Posteroanterior roentgenogram of the chest showing multiple cystic 

areas in. both lung fields. 

Comment .—This case represents congenital cystic disease of the lungs of 
the bronchogenic type which could easily have been confused with sacculai 
bronchiectasis. The bronchographic findings of saccular dilatations of uniform 
size plus the diffuse distribution throughout the lower lobe and the pos¬ 
terior segment of the right upper lobe was the first clue that this was cystic 
disease and not acquired bronchiectasis. Pathologic examination which in¬ 
cluded a very careful inspection of the gross specimen showed the cystic areas 
to be lined with the characteristic columnar ciliated cells. 

Case 5.—This 27-year-old white man was admitted to the hospital with a diagnosis 
of pneumothorax. The patient was asymptomatic. Roentgenograms of the chest which 
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accompanied him showed complete lack of lung markings in the left homithorax except 
for a few fine shadows about the pulmonary hilum. One film, however, which had been 
taken following thoracentesis showed air in the free plournl space and the wall of a cyst 
well outlined (Fig. 12). Operation was performed and a giant, solitary air cyst was re¬ 
moved (Fig. 13). The patient recovered and was sent to duty. 

Pathologic examination: A large, solitary pulmonary cyst was seen, the walls of which 
were lined with flattened fusiform cells. This was classified as congenital cyst of the lung, 
solitary alveolar cell type. 

Comment .—This type cyst represents a large, solitary, balloon cyst or 
pneumatocele which is most frequently found in infants and children. It is 
very thin walled and is often mistaken for a pneumothorax, as happened in this 
ease. This cyst is classified as congenital. It should not be confused with em¬ 
physematous bullae. 



Cass 6 .— This 5-week-old, normally delivered, Xegr o girl developed a severe respira¬ 
tory infeedon with dyspnea and abdominal distention several days prior to admission. 
X-ray examination of the ehesi revealed several cystic areas in the lower lung fields, bi¬ 


laterally iftlg. 34). The child improved symptomatically under treatment, but repeat 
1 -ray examination showed enlargement of the cystic areas and an increase in the number 
atil both lower lobes seemed to be diffusely involved (Tig. 35). The child 
:h antibiotic therapy and within a week z-ray examination showed dirninu 
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ment. The last several respiratory infections were notable in that dyspnea was absent. 
At the age of 10 months roentgenograms of the chest showed no evidence of disease 
(Fig. 16). Bronchograms adequately tilled all pulmonary segments with no evidence of 
any cystic areas or bronehiectatic dilatations. 

Comment .—This child has apparently undergone a spontaneous cure. Spon¬ 
taneous cures of lung cysts have been reported . 18 ' 23 Because of the age of the 
patient and the course of the disease, it is assumed that these cysts were con¬ 
genital in origin. This case has been classified as congenital cystic disease of 
the lungs, alveolar cell type. 



-Fig:. 


16.—(Case 6.) Posteroanterior roentgenograms of the chest seven months following 
initial x-ray fllm showing a completely normal chest to this type of examinat 


acquired cystic disease of the lungs 
Emphysematous bullae are the result of a breakdown of the interalveolar 
septa with the formation of cystic areas within the lung parenchyma. As tins 
process continues the cystlike space is limited at the lung periphery by the 
visceral pleura. If the visceral pleura be opened over a bulla, the air space 
beneath will not be lined by squamous cells as is found in a balloon cyst of the 
congenital type, but a disintegrating lung parenchyma will be seen to make 
up the walls and base of the bulla. Fine blood vesse's completed stripped of 
supporting lung parenchyma can be seen to cross the air sae. Strands of con¬ 
nective tissue and fine bronchioles also denuded criss-cross the bulla. Multiple 
small communications with the adjacent bronchi are apparent. Bullae are al¬ 
most always multiple, but they may be confined to a segment or a lobe. The 
upper lobes in our experience have been most frequently involved. 

Subpleural blebs are the result of rupture of the elastic fibers which bind 
the pleura to the underlying lung parenchyma . 27 They characteristically occur 
at the apices of the lung. Small blebs may coalesce to form larger ones, or they 
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»v be multiple and discrete rmd be scattered didusely over the ™ ' 

of the lung. According to Miller,- all cases of subplcural blebs 
with tvell-established pulmonary emphysema. Miller also pom ; 

larity between the bleb and the bulla and suggested that the nianne, « tonuaM 
is the same. Is it possible that the seemingly innocuous bleb is the precursor 

of the emplivsematous bulla ? . 

Rupture of subpleural blebs is the most frequent cause of 

pneumothorax and is the most common cause for t esc pa ten 
attention. 25, In some instances chronic pneumothorax and 
resulted from rupture of subpleural blebs and have necessitated deeoitication 

has been given —ble the pro¬ 
gressive enlargement of blebs, bullae, and balloon c > b S - * ,, j - e( j 

to find microscopic evidence of the valve mechanism " >' e 1 piesun - 

the progressive enlargement of air cysts. It is true tint a ensi■ • ^ 

emphysematous bulla enlarges at the expense of norma ung pa • ’ 

the end result is the same as if a perfectly functioning valve present at 

the site of the bronchial communication. Hover ei, t ie aeiocyna 1 ■ 
in enlarging bullae and cysts can perhaps be explained m ano • • ~ 

cyst enlarges because the intracvstic pressure builds up to sue t = 
the adjacent pulmonary tissue unsupported by a pressure equal to that mtinn 
• the cyst gives way before the enlarging air sac. Intracjs tc pi 
fieient force to cause enlargement can result from coughing 01 s 1 
prior to expulsion of air as in coughing, the glottis is closed and considerable 
endobronchial pressure is built up by the action ot * e accessory muse e^. ^ 
respiration. At this time the pressures are equalized throughout all the lun D 
structures that are in communication with an airway, i.e., cyst, bulla, or bleb. 
When the glottis is opened the endobronchial pressure immediately tails to near 
zero; 2 * however, the relatively small bronchial openings which communicate 
with the evsts do not allow for an immediate readjustment of the pressure within 
the evsts and the thin, flaccid walls of the cyst expand at the expense ot the ad¬ 
jacent pulmonarv tissue. As this process is repeated, the cystic areas enlarge. 
The thick walls of the bronchogenic type cysts do not allow such ease ot ex¬ 
pansion. For t his reason tension c-ysts are as a rule not of the bronchogenic 
type although such a case was recently reported by Allbritten . 32 

Head and Avery 32 described the actions of bullae into which a thoracoscope 
had been passed. Durintt respiration the bullae could be seen to bell,i\ e in a 
paradoxical manner. At the beginning of inspiration the cavity was filled with 
air whereas expiration caused the cyst walls to bulge inward. These obsert a- 
tions would seem to be in conflict with our statements, hut it must he pointed 
out that their observations were made during quiet respiration. Although the 
effect of a ball valve is present, we have not been able to demonstrate in out- 
series a competent valve mechanism between cyst and bronchus. At operation 
manual compression ox the cyst has in every instance demonstrated the ease with 
which this type cyst could be collapsed. If our obsei-vations are correct it seems 
improbable that enough pressure can he built up within a cyst by quiet respira- 
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tion to destroy adjacent lung tissue. To express the problem in another manner, 
the pressure gradient between the air in the cyst and that in the normally func¬ 
tioning pulmonary tissue must be such that sufficient force is exerted against 
the cyst wall to cause rupture of the alveolar septa and even the interlobular 



Fig. 17.— (Case 7.) Posteroanterior roentgenogram of the chest. Inset shows lacy mark 
lng in the right upper lung field characteristic of bullous emphysema. 



Fig. 18.—(Case 7.) A close-up picture of the inset. 




COOKE AND BLADES: CYSTIC DISEASE OF LUNGS 


563 


septa. Such, pressure can easily be built up in the pulmonary system by cough¬ 
ing, but at the time the glottis is closed the pressure is equal throughout the en¬ 
tire thoracic cavity and it is only upon sudden release of this pressure by open¬ 
ing the glottis that the pressure gradient between the air within the cyst and the 
air in the normal lung parenchyma becomes sufficient to allow expansion of the 
cyst. 

The origin of pulmonary bullae has been thought to be due to inflammation 
and partial occlusion of the smaller air passages. This must undoubtedly play 
a large part. In all of the cases of bullous emphysema in our series a severe, 
chronic cough has been present. 

The surgical treatment of selected cases of pulmonary blebs and emphysema¬ 
tous bullae has in recent 3'ears become well established. 3 ’ 12,32 '" c The following 
eases are representative of the group that have been treated surgically. The 
results of this treatment have been uniformly good and all patients have been 
returned to military duty with one exception; the ease history of that patient is 
reported below. 



Eig. 13 .—(Case T.) The right upjver lobe at operation has almost been completely replaced 

'.rich large empfay-- zzn&tous bullae 


C-tss 7.—A 34-year-old white man complained of a cough -which was productive in the 
momhjg of a small amount of sputum and slight dyspnea on exertion. In the morning 
hls cough was =0 severe that he frequently vomited. The exertional dyspnea was par¬ 
ticularly noticeable because tie patient rrad been an instructor in a Banger Battalion 
during the war and at which time he had undergone rigorous training with no apparent 
diiScnltr. He volunteered the information that in recent years he smoked three packages 
of Cigarettes per day. Chest roentgenograms revealed emphysema, bullous type, involvin'' 
both upper lobes, more marked on the right (Figs. 17 and 13}. Bight thoracotomy -,vms 
performed, ana me right upper lobe was found to be almost completely replaced by em 
physematous bullae {Fig. l'Jj. The right middle and right lower lobes were free of dis 
eose. Tie multiple .cysts had enlarged to such a degree after the pleural adh.-ions were 
tnat ms pulmonary hijnm could not l,e adequately exposed until the cysts were cob 
■'* 21 ptexi-on ^-~d •’-vamps phased across tie base of the cysts. The bullae 
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were easily compressed, and no valve mechanism was apparent. Lobectomy was com¬ 
pleted without incident. 

Forty-eight hours postoperatively the patient developed atelectasis on the right 
which necessitated aspiration bronchoscopy. Despite repeated aspiration of the airway, 
his mediastinum failed to shift back to its normal position. The heart w T as markedly dis¬ 
placed, and the patient developed paroxysmal auricular tachycardia. Frequent bron- 
choscopic aspirations of the right main-stem bronchus failed to relieve the marked medi¬ 
astinal shift. It was assumed that the bullae in the left apex had become overdistended 
at the time of the onset of atelectasis and that, despite all efforts to reduce the size of 
these bullae, they continued to impinge on normal lung and mediastinal structures to such 
a degree that the existence of the patient was threatened. In a desperate effort to re¬ 
duce the bullae in the left apex, a troehar was placed through the left anterior chest and 
a catheter was placed in the largest presenting bulla. Suction was applied (Fig. 20). 



Fig. 20. 


Fig. 21. 


Fig. 20.— (Case 7.) Portable roentgenogram of the chest showing intercostal catheter 
in’.o a large bulla in the left apex. The marked mediastinal shift is evidenced. 

Fig. 21.—(Case 7.) Postoperative posteroanterior roentgenogram of the ^n^reaaAnetl 
ing good expansion of the remaining pulmonary segments. At this time the patient it-ta 
vital capacity of 4.5 liters. 

This failed to relieve the situation, and on the fifth postoperative day, three days after 
the onset of these most distressing complications, a thoracotomy was performed on the 
left and numerous large bullae involving the anterior and apical posterior segments o 
the left upper lobe were found. There was no involvement of the lower lobe. As soon as 
the chest was opened, the patient under endotracheal anesthesia improved considera i } - 
The bullae were resected. Despite the occurrence of pneumothorax on the left side wine i 
required that suction be applied to the thoracotomy tubes, in order that adequate ventila 
tion of the lungs could take place, the patient recovered. 

Pathologic diagnosis: Bullous emphysema, bilateral, confined to (be upper lobes. 

Comment .—This patient represents a ease of bullous emphysema localized 
to the upper lobes of both lungs. It is interesting to note that he apparently 
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was free of disease five years prior to his admission to the hospital, at which 
time he had demonstrated repeatedly his ability to do the most strenuous type 
of physical exertion. At that time it must be presumed that he had no pul¬ 
monary disease. It is also interesting to speculate as to what role violent c-ough- 



r 'g- 22.—(Case S.) Posteroanterior roentgenogram of the chest. Inset shows characterisUc 
appearance of bullous emphysema. 



23.—(Case a.) CIcse-up of Inset. 
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ing played in the production of the tremendous emphysematous bullae found 
at operation. The rather serious complications which arose as a result of his 
having bilateral bullae necessitated a thoracotomy on the left live days after 
a right upper lobectomy. Such a complication reported by Dugan and Samson 28 
caused a fatality in their series. They suggested that perhaps a catheter placed 
into the expanding b.ulla would relieve the tension and prevent the compression 
of vital structures. This was tried in our patient and failed, probably due to 
the large number of bullae which were present and as one collapsed others ex¬ 
panded to fill the space provided. Although this patient did not return to duty 
because of the uncertain prognosis of his disease, he did regain a vital capacity 
of 4.5 liters and is living a useful and active life (Pig. 21 ). 



Figr. 2i .— (Case 8.) At operation large emphysematous bullae replaced the apical posterior 

segment. 

Case 8. —This 39-year-old white man had a chronic, slightly productive cough for ten 
years which he attributed to smoking cigarettes. Routine x-ray examination had revealed 
emphysema localized to the left upper lobe (Figs. 22 and 23). Increase in the size of 
the bullae was noticed when the films were compared to roentgenograms taken on previous 
admission. Bronchography outlined a normal tracheobronchial tree. Because of t it 
localized nature of the lesion, exploratory thoracotomy was thought to be indicated. At 
operation, large emphysematous bullae had almost completely replaced the apical posterior 
segment of the left upper lobe (Fig-. 21). There was no other evidence of disease in the 
chest. The bullae were resected. The patient was returned to duty. 

Pathologic diagnosis: Emphysema, bullous type, with alveolar bleb formation. 

Comment .—This case represents the type of bullous emphysema which is 
localized to a segment and which lends itself well to surgical removal. This 
is classified, of course, as acquired type of pulmonary cysts. 

The following two eases were classified as emphysematous blebs: 



COOKE AXI) BI.ADES: CYSTIC DISEASE OE l.l'XOS 


567 


Case 9.—A iS-year-oM white soldier was admitted to (lie hospital after his third episode 
of spontaneous pneumothorax, lie had had repented surveys for tuberculosis, all of which 
had been negative. There was no evidence of disease other than the pneumothorax which 
was the transfer diagnosis. On examination of the roentgenograms, a small bleb could be 
seen at the left apex (Pig. 2.11. A thoracotomy was performed, the bleb was excised, and 
the surface of the upper lobe was powdered with sterile tale. The patient made an un¬ 
eventful recovery and was returned to duty. 



Eiff. 23.— (Case 3.) 


Posteronnterior roentgenogram of Die chest showing pneumothorax on 
the left and at the apex an emphysematous bleb. 
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Case 10.—A 29-year-old white man was admitted to the hospital following a spon¬ 
taneous pneumothorax (Fig. 26). On chest x-ray examination, a large bleb could be seen 
at the uppermost portion of the collapsed right lung. Tuberculosis survey was negative. 
There was no evidence of disease. At operation a large subpleural bleb (Fig. 27) was ex¬ 
cised, and the surface of the upper lobe was poudraged. The patient made an uneventful 
convalescence and was discharged to duty. 

Comment .—The two preceding- eases are representative of the type of sub- 
pleural blebs which are the most frequent cause of spontaneous pneumothorax. 
It has been our policy when confronted with the problem of spontaneous pneumo¬ 
thorax in otherwise healthy individuals to treat the pneumothorax conserva¬ 
tively. Many 'of these cases, of course, have not had recurrence. However, in 
patients who have recurrent spontaneous pneumothorax on three or more oc¬ 
casions and in those in which the subpleural blebs can be visualized, we have 
elected to do a thoracotomy with excision of the bleb or blebs and poudrage of 
the lung surface. The poudrage serves the purpose of causing the parietal and 
visceral pleura to become adherent in that region and also tends, because of the 
inflammatory reaction, to cause a thickening of the visceral pleura and lessen 
the tendency of rupture of a bleb. The patients treated in this manner have all 
been returned to military duty. 



Fig. 27.— (Case 10.) At operation the large solitary bleb is demonstrated. 

SUMMARY 

The incidence of cystic lung disease is much greater than is indicated bj 
figures based on routine roentgenogram or necropsy examinations. A classi ca 
tion of the various types of cysts has been proposed. A standardization of the 
nomenclature would facilitate statistical analyses and help clarify much of t ie 
confusion in regard to prognosis and treatment. Some of the many problems 
occurring in the surgical management of these cases have been discussed. 
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THE PATE OF AN ISOLATED SEGMENT OP THE ESOPHAGUS 

W. Ralph Deaton, Jr., M.D.,* and H. H. Bradshaw, M.D. 
Winston-Salem, N. C. 

D ^SECTION of the esophagus is very difficult when there is marked fixation 
of the esophagus to the adjacent tissue. Such fixation is especially severe 
m cases of caustic stricture, and in carcinoma if the growth has spread beyond 
the esophageal wall. The advisability of leaving the involved segment of the 
esophagus in place in such eases and construction of a side-tracking anastomosis, 
either esophagoesophageal or esophagogastric, was considered, and an experiment 
set up to evaluate this procedure in dogs. 


METHOD 

Nine mongrel dogs were used. In order to provoke adhesions to the segment of 
esophagus that was to be isolated, and so to simulate actual conditions, right thoracotomy 
vas performed, and a 5 cm. segment of the lower thoracic esophagus wrapped with a single 
layer of cellophane which had been previously tested for tissue irritability (active agent 
dicetyl phosphate). Approximately four weeks later, when esopliagoscopy demonstrated a 
narrowing of the lumen of the esophagus at the site of the wrapping, left thoracotomy 
was performed. In each animal there were dense adhesions to the esophagus at the level 
of the cellophane wrapping. The esophagus was divided 1 cm. above and 1 cm. below the 
involved area, and an anastomosis was constructed between the proximal esophagus and the 
distal esophagus or stomach (in three cases the stricture was so lew as to necessitate 
the use of the cardia for the anastomosis). In every case the diaphram was opened and 
a sufficient amount of stomach brought into the chest to allow the anastomosis to be con¬ 
structed without undue tension. In Group I dogs the isolated segment of the esophagus was 
closed at each end with continuous silk sutures. In Group II dogs each end of the isolated 
segment was left open. In Group III dogs the segment was split lengthwise so as to leave 
an "opened tube" of esophagus. The bleeding vessels at the cut edges were clamped and 
tied. The operations were performed with aseptic technique. Each dog received subcutaneous 
fluids the day of operation, water and milk for the first to the seventh postoperative day, 
and regular dried kennel rations thereafter. 

RESULTS 

At varying intervals (Table I) after the second operation the dogs were 
sacrificed for further study. In every case, save that of dog 253 of Group HL 
the isolated segment of the esophagus had closed off to become a mucus-filled 
cyst (Pig. 1). The cysts varied in size from 3 to 6 cm. in diameter (Table I), 
with an average size of 4.5 cm. The material in the cyst in every instance was 
a thin, mucoidal, yellow colored, odorless fluid. The esophagoesophageal or 
esophagogastric junction was in good condition in each case. Microscopic sec¬ 
tions of the walls of the cysts showed an extremely thin layer of squamous 
epithelium backed by a layer of connective tissue and muscular tissue; there 
were no recognizable glandular elements (Pig. 2). 

The formation of the cysts in Groups II and III dogs can be explained by 
adherence of the raw edges which came into contact. Dog 253, explored at 
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Photograph of esophageal cyst removed from Dog No. 256, ninety-eight days post- 

operatively. 
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THE FATE OF AN ISOLATED SEGMENT OF THE ESOPHAGUS 

W. Ralph Deaton, Jr., M.D.,* and H. H. Bradshaw, M.D. 
Winston-Salem, N. 0. 

R ESECTION of the esophagus is very difficult when there is marked fixation 
of tire esophagus to the adjacent tissue. Such fixation is especially severe 
in cases of caustio stricture, and in carcinoma if the growth has spread beyond 
the esophageal wall. The advisability of leaving the involved segment of the 
esophagus in place in such eases and construction of a side-tracking anastomosis, 
either esophagoesophageal or esophagogastric, was considered, and an experiment 
set up to evaluate this procedure in dogs. 

METHOD 

Nine mongrel dogs were used. In order to provoke adhesions to the segment of 
esophagus that was to be isolated, and so to simulate actual conditions, right thoracotomy 
was performed, and a 5 cm. segment of the lower thoracic esophagus wrapped with a single 
layer of cellophane which had been previously tested for tissue irritability (active agent 
dicetyl phosphate). Approximately four weeks later, when esophagoscopy demonstrated a 
narrowing of the lumen of the esophagus at the site of the wrapping, left thoracotom) 
was performed. In each animal there were dense adhesions to the esophagus at the level 
of the cellophane wrapping. The esophagus was divided 1 cm. above and 1 cm. below the 
involved area, and an anastomosis was constructed between the proximal esophagus and the 
distal esophagus or stomach (in three cases the stricture was so lsw as to necessitate 
the use of the cardia for the anastomosis). In every case the diaphram was opened and 
a sufficient amount of stomach brought into the chest to allow the anastomosis to be con 
structed without undue tension. In Group I dogs the isolated segment of the esophagus uas 
closed at each end with continuous silk sutures. In Group II dogs each end of the isolate 
segment was left open. In Group III dogs the segment was split lengthwise so as to lea'C 
an ‘ ‘ opened tube ’ ’ of esophagus. The bleeding vessels at the cut edges were clamped an 
tied. The operations were performed with aseptic technique. Each dog received subcutaneous 
fluids the day of operation, water and milk for the first to the seventh postoperative day, 
and regular dried kennel rations thereafter. 

RESULTS 

At varying intervals (Table I) after the second operation the dogs weie 
sacrificed for further study. In every case, save that of dog 253 of Group III, 
the isolated segment of the esophagus had closed off to become a mucns-fille 
cyst (Fig. 1). The cysts varied in size from 3 to 6 cm. in diameter (Table I), 
with an average size of 4.5 cm. The material in the cyst in every instance was 
a thin, mucoidal, yellow colored, odorless fluid. The esophagoesophageal or 
esophagogastric junction was in good condition in each case. Microscopic sec 
tions of the walls of the cysts showed an extremely thin layer of squamous 
epithelium backed by a layer of connective tissue and muscular tissue; theie 
were no recognizable glandular elements (Fig. 2). 

The formation of the cysts in Groups II and III dogs can be explained y 
adherence of the raw edges which came into contact. Dog 253, explored at 
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.1 (In'.' 221 days po.stoperativcly (.dog 2U0). Thus the supposition that tin* iso¬ 
lated segment migiit become of tremendous size and so adversely affect the 
respiratory and circulatory functions is apparently baseless. Further, in 
patients who have advanced carcinoma of the esophagus in whom a palliative 
Side-Hacking procedure is planned, a mediastinal cyst is of no consequence. 

ri.I.VD AI. Al-KUKATION* 

•Since completion of the above work, one patient has presented himself for 
treatment oi tar-advanced carcinoma of the esophagus. The protocol is as 
follows: 

\ J 'V former, ua> admitted to the North Carolina Baptist Hospital 

"s I.n 2.1, At that time lie cave a history of having regurgitated sonic watermelon 

^ 1 months previously. Soon after that, solids began to lie intermittently regurgitated, 



submuc °~ 

•ppelhe?^ 1:1,1 b r n Un:iMe *° c:lt :1,1 - V solid f °° d - Although his 

illness. i n Vrjr . ‘ i< ' el '" nt ’ ie 11:1,1 lost about in "eight since the onset of the 

a filling defect ritl, ,1 OT 3 " 11 r eX T‘ ,n:,t, °“ ° f tl,ecS0 Pl la S“ s "as performed, and revealed 
"as suhsen . complete obstruct.on in the midcsophageal re.'iou fFit' t‘ 

—SSnS^r?, ^ ,he XOr ‘ U Car0lina HoUl foMra^' l y J2 

Pressure ivas l30/SO The n “ n 's ' 0 ‘‘ uite P ' easant cooperative. Blood 

“r — 

"•Mch“ompLte 1 v™ncYrXd\hrro^ir fitp s ^ * funSntin S ea V Weeding 
t ^ following day left thoracoZv ^ pfrformed V haT " (F ^ 

to “h ‘° CirC “ mSCribe the esophagus « the arch of the aorta" ' ' gr °' Tth was 

an . h,i aorta > trachea, and prevertebral fascia Enlarged lvmnl f ° wth wa3 fi nnly feed 
“1 bel .°"' the tumor. It was impossible' to fS u^ theTontT ^ Pre£ent ab -* 

exsanguinating hemorrhage, and, as a cure woLnL m P 3gU3 wltbou t risking an 

br ° Mfa “ PlaCe and C0DStruct an esophagogastric anastomosis^arZd^f 13 Th^ leaV ° ^ 
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fourteen days, had not had time to seal off the isolated segment. However, the 
segment had rolled on itself so as to form a tube. Undoubtedly the opposing 
edges would have become adherent within a matter of days. 

DISCUSSION 

Prom abroad physicians have reported the construction of side-tracking 
esophagogastric anastomoses, for circumventing strictured areas of the esophagus, 
in eases of lye strictures and carcinoma. 1 ' 3 However*, all cases reported have 
had the esophagus left intact, with performance of an intrathoracic side-to-side 
esophagogastrostomy. The leaving of the esophagus attached to the stomach 
makes it necessary to free up the stomach to a much more extensive degree than 



Fig. 3.—Lateral chest roentgenogram following barium swallow. The esophagus is almost 
completely obstructed, and there is some overflow of the barium into the iracnea. 

simple isolation of the involved segment of the esophagus, but the authois 
apparently believe that the continuity is desirable for drainage. If cyst forma¬ 
tion is to be averted, evidently drainage must be provided for. However, the 
fact that the animals in this experiment lived and did well, with no apparent 
injurious effects from the mediastinal cysts, indicates that the cyst formation 
may not be detrimental. Apparently the size of the cyst is self limited, for 
as the pressure in the cyst increases, the secreting glands atrophy and the size 
of the cyst becomes stationary. Otherwise, a cyst removed from a dog twelve 
days postoperatively (dog 250) would not be the same size as a cyst removed from 
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a ill';' 221 days postopfrativi'ly (dog 200). Thus the supposition that the iso¬ 
lated segment might heroine of tremendous size and so adversely affect the 
respiratory and circulatory functions is apparently baseless. Further, in 
patients who have advanced carcinoma of the esophagus in whom a palliative 
side-tracking procedure is planned, a mediastinal cyst is of no consequence. 

CI.INUAI. APPLICATION 

Since completion of the above work, one patient has presented himself for 
treatment of far-advanced carcinoma of the esophagus. The protocol is as 
follows: 

J. W. A., a 1'i.Vyeurohl farmer, was admitted to the North Carolina Baptist Hospital 
on May 23, 1931. At that, time he nave a history of haring regurgitated some watermelon 
eight months previously. Soon after that, solids began to he intermittently regurgitated. 



submn^otomlerograph of biopsy specimen. Note the intact epithelium, beneath which the 
acosa anil muscutaris are Infiltrated with carcinoma. (Hematoxylin anil eosln, X95.) 

m >] ,or die month before admission he had been unable to cat any solid food. Although his 
' la ^ rem ained excellent, he had lost about tiO pounds in weight since the onset of the 
'T - ' -^Pril a roentgenographie examination of the esophagus was performed, and revealed 
ir i < * e ^ ec *' "‘hit almost complete obstruction in the midcsophageal region (Fig. 3). He 
es subsequently referred to the North Carolina Baptist Hospital for therapy. Physical 
a ion showed an elderly gaunt man who was quite pleasant and cooperative. Blood 
j n( j. re Was 130/SO. There was evidence of considerable weight loss, but no other positive 
p n “ s - Accessory clinical findings demonstrated no abnormality. Esopliagoscopy was 
mass • an ^ at CI "' l rom tlie upper incisor teeth was found a fungating easily bleeding 
1) S T|I" C * 1 CompletoI .v encircled the esophagus. Biopsy showed anaplastic carcinoma (Fig. 
found 10 day left thoracotomy was performed. A hard, irregular growth was 

,0 the* 0 e ' rcumscr *be the esophagus at the arch of the aorta. The growth was finnlv fixed 
aB( j f aorta ’ Waclica, and prevertebral fascia. Enlarged lymph nodes were present' above 
essan ° °"” - tlle tumor - rt ' vas ‘“Possible to free up the esophagus without risking an 
£i' 0 ivtf lmat ' mg bemorrliage, and, as a cure was impossible, it was decided to leave the 
1 >n place and construct an esophagogastric anastomosis around it. This was easily 
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done without undue incident. Post opera t i vely he did quite well, being able to take water 
by mouth on the first postoperative day, a full liquid diet on the third postoperative day, and 
a soft diet on the fifth day. Pluoroscopy on the tenth day showed the esophagogastric 
anastomosis to be functioning well, with no widening of the mediastinum indicative of 
fluid accumulation in the isolated segment of the esophagus. He was discharged on the 
twelfth postoperative day. At home he continued to enjoy eating, and gained weight. 

CONCLUSIONS 

In dogs it has been shown that isolation of a strietured segment of the 
esophagus produces a cyst, regardless of the treatment accorded the segment. 
The size of the eyst is apparently self limited, being regulated by the amount 
of pressure in the cyst, as the pressure causes atrophy of the secreting glands. 
The presence of a small mediastinal eyst did not adversely affect any of the 
dogs. Clinically, it is believed that all cases of carcinoma of the esophagus, 
unless distant metastases are demonstrated, should be explored. If the lesion 
is found to be too extensive for a curative procedure, and unfortunately a great 
number are, then a palliative esophagoesophageal or esophagogastric anastomosis 
appears to be indicated. This is a relatively short procedure, and will allow 
the patient to eat normally for the remainder of his life. Death from the com¬ 
plications of extension of the cancer is easier on the patient and his family than 
starvation. Gastrostomy gives no satisfaction to the patient, and is difficult 
to attend to. 

SUMMARY 

Isolation of a segment of the esophagus in the dog results in a small 
asymptomatic esophageal cyst. Such a procedure was performed on one patient, 
with quite satisfactory results. However, post-mortem studies on long-term 
survivors will be necessary before one can conclude that the operation is as 
satisfactory in human beings as in dogs. 
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PULMONARY TUBERCULOSIS FOLLOWING RESECTION FOR 
NO NT UB E R C U LO I'S D IS E A S E 

Emu, Rothsteix, M.D.,* and Cham.es E. Gehson, M-D.** 

Dayton, Ohio 

I N TIIE past two decades. during which excisional surgery for pulmonary 
lesions has been performed with increasing frequency, there have been many 
articles dealing with techniques, indications, and results. Immediate and early 
complications arising after resection have been stressed. One late complication 
or sequel has received very little emphasis in medical literature. This is the 
delayed development of pulmonary tuberculosis. The occurrence of two such 
cases in our experience and the rapidly progressive nature of the disease in 
both patients aroused our interest in this problem. In addition, the coincidental 
finding in several patients of pulmonary tuberculosis and nontuberculous 
bronchiectasis led us to re-evaluate our therapeutic indications when these two 
disease processes both are in need of treatment. 

Case 1.—L. A. (’., ugi-d 30 years, had several attacks of hemoptysis and pneumonia in 
19 41, 1943, and Hit*. Hronchograms (Fig. 1) showed definite bronchiectasis involving the 
--up.rior segment of the right lower loin'. Bight lower lobectomy was performed un- 
c'entfully in September, 1917. Sputum examinations before surgery failed to reveal tubercle 
' M illi, nor were tuberculous changes present in the resected specimen. Subsequent roent¬ 
genograms in 1947 showed no evidence of pulmonary tuberculosis. A roentgenogram in 
November, 191S, showed infiltration in the remainder of the right lung, which rapidly 
progressed to cavitation and extensive consolidation (Fig. 3, April 27, 1949). Sputum 
rpeeiniens were repeatedly positive for tubercle bacilli. Despite Jive months of streptomycin 
therapy, the disease remained largely unchanged. On Feb. 3, 1950, the rest of the right 
oog was removed. Far-advanced tuberculosis was fouud in the resected lung. After a 
protracted course characterized by empyema, tuberculous pericarditis, and contralateral 
pleural effusion, the patient expired on Aug. 21, 1931. 

Case 2.—B. M., 25 years of age, had ieft lower lobe bronchiectasis since 1943 (Fig. 3, 
aa - 10, 1940). Left lower lobectomy was done in April, 1947. Sputum examinations before 
surgery failed to reveal tubercle bacilli; no tuberculous changes were found in the resected 
-pecimi'n. Postoperative lilms revealed no evidence of pulmonary tuberculosis. A sub¬ 
sequent roentgenogram in April, 194S (Fig. 4), showed far-advanced tuberculosis in the 
Mt upper lobe. The patient was treated with streptomycin, and a left thoracoplasty was 
performed in August, 194S. He is still seriously ill with active disease iu the other lung. 

DISCUSSION 

The ouly article we could find dealing directly with this subject was by 
atz - He reported four eases in which resections were done for bronchiectasis, 
^a rc-oid granuloma, and actinomycosis. In each of these cases sputum studies 
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prior to resection were negative for tubercle bacilli, and the resected specimens 
showed no evidence of tuberculosis. Postoperative roentgenograms failed to 
reveal pulmonary tuberculosis. In the three cases having had lobectomy per¬ 
formed, far-advanced caseocavitary disease appeared in the remaining lobe in 
less than one year after resection. Our two patients presented exactly the 
same picture. 

Other reports dealing with this subject have been buried in statistics per¬ 
taining to resections for bronchiectasis. Thus Maier 2 reported on sixty-four 
cases treated by resection. Active pulmonary tuberculosis developed in two 
patients. One of these had had inactive tuberculosis before surgery, and the 
other had shown no previous evidence of pulmonary tuberculosis. Sellors, 
Thompson, and Qvist 3 reported 100 resections for bronchiectasis. Seven of 
these patients developed pulmonary tuberculosis. Four of the resected speci¬ 
mens revealed evidence of tuberculous changes in addition to the bronchiectasis. 
Three of the seven patients had died of tuberculosis at the time of their report. 
Lambert 1 reported seventy-eight eases, of which ten developed pulmonary 
tuberculosis. The serious nature of this clinically evident tuberculous disease 
was shown in his series by the fact that four required thoracoplasty, two have 
died, and of the eight remaining alive, five still had positive sputa at an un¬ 
specified interval after resection. Six of these ten cases developed within one 
year after resection and the other four from sixteen to thirty months post- 
operatively. In four of the postlobectomy cases the disease developed in the 
remaining portion of the homolateral lung, as in Katz’ series and in our cases. 

Despite this very appreciable incidence, the subject has apparently aroused 
but little interest. This was shown in part by the fact that none of the dis¬ 
cussants of Lambert’s paper 4 commented upon the high incidence of this very 
serious complication. 

The exact pathogenesis of the tuberculous lesion is of course impossible 
to state. The reason for any given patient developing pulmonary tuberculosis 
is such a compound of bacteriologic, immunologic, and mechanical factors that 
in the small groups studied the possibility of coincidence cannot be ruled out. 
Certain features, however, suggest that this is not the case in the subject under 
discussion. 

In almost every reported case, review of the preoperative films showed no 
evidence of pulmonary tuberculosis. None of the authors refers to his gross 
findings at the time of surgery, and there is nothing to suggest that there were 
gross tuberculous changes present in the unremoved lung tissue remaining 
after lobectomy. Early postoperative films similarly failed to reveal shadows 
typically associated with pulmonary tuberculosis. Sputum examinations, when¬ 
ever reported, were negative for tubercle bacilli, and in most instances patho¬ 
logic examination of resected specimens showed no evidence of tuberculosis. 

In our two cases the tuberculosis appeared on the side which had been 
subjected to resection, and did so within one year of surgery. The disease 
rapidly became far advanced and did not respond to medical measures. Katz 
three postlobectomy cases followed exactly the same pattern, as apparently' did 
four of Lambert’s patients. 
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Several possibilities for the development of tuberculosis in this "roup must 
he emisidered. Coineidenee has been mentioned but should probably be re- 
jeeted. Lowered resistanee due to ehronie infection or due to the surgery 
must be mentioned as a possibility and can in no ease be completely discounted. 
Lndeteeted tuberculosis may have been present in the lobe removed and the 
disease may have been spread to the remaining lung parenchyma tit operation. 
That this is unlikely seems evident from the fact that postoperative examina¬ 
tion of resected specimens failed, in most instances, to reveal tuberculous 
changes. If snfiieient caseation and cavitation were present to produce such a 
spread, they could hardly escape detection bv the pathologist. Other circum¬ 
stances mitigating against this hypothesis are the negative sputum examinations 
tor tubercle bacilli before and after surgery and the delayed (six to twelve 
months) appearance of the tuberculous lesions. Postoperative spreads following 
surgery for pulmonary tuberculosis usually are noted in the immediate or early 
postoperative period. 

Tuberculous disease may have been present in the hilar structures, and 
1 such tissue were cut across at surgery, this might explain the late develop¬ 
ment of tuberculosis in the adjacent lung. This hypothesis was advanced by 
*-e ors, Thompson, and Qvist,’ and is discussed by Lambert.* The use of 
individual ligation at the bronchial stump will presumably make unlikely 
section of grossly involved tuberculous nodes or other tuberculous tissue with¬ 
out immediate discovery by the surgeon. 


Distention of remaining pulmonary tissue, containing hidden unhealed 
tU ercu loiis foci must lie very strongly indicted as the most probable cause for 
1 le phenomenon under discussion. We were unable to find any experimental 
Proof that distention of such lung tissue might actually result in progression 
0 a latent tuberculous process. There are, however, clinical grounds for such 
an assumption. One of these is the beneficial effect upon an active tuberculous 
Process of a decrease in pulmonary volume and tension, as provided by pneu¬ 
mothorax, phrenic nerve surgery, pneumoperitoneum, and thoracoplasty. While 
nese methods of treatment may exert their therapeutic effects in various wavs 
°»e of the most important of these is by the opposite of overdLstention i e bv 
relaxation of the involved pulmonary tissue, it is therefore reasonable to 
ssume that overdistention may, in some eases, delay healing and predispose 
oprogreaston of disease. This factor is recognized in the generally accepted 
Practice of performing thoracoplasty after upper lobectomy or pneumonectomy 
Sue ° naiy tnberculosLs ’ t0 !1V0id overdLstention of the remaining i un g 


sentel aw 3 ' 6 ^ T*"™ 1 and theoretical considerations pre¬ 

sented above to assist us in emulating certain tentative indications for 

reaimerit of patients who present roentgenographic evidence of pulmn ° 
tuberculosis in addition to some other disease requiring excisions I « ^ 

a lobe or lung. These indications are based upon two Cu"e s * 

» the need to consider the tuberculous condition as potentially serf ^ 
13 present in lung tissue which will be subjected t T1 ■* '■ ‘ rious ’ it 
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that the coincidental presence of a suppurative pneumonia and tuberculosis 
often resulted in a harmful effect upon the tuberculous process. They found 
that when a suppurative pneumonia (such as is commonly associated with 
chronic lung abscess, bronchiectasis, bronchostenosis, etc.) was present in the 
same lobe as the pulmonary tuberculosis, 70 per cent of the tuberculous lesions 
were unfavorably influenced. When the processes were present in different 
lobes the incidence of reactivation or spread of the tuberculosis was less, but 
a suppurative pneumonitis apparently maj exert a harmful effect upon pul¬ 
monary tuberculosis wherever situated. We consider the Baums’ work to 
favor the principle of excising pulmonary suppurating or obstructive lesions 
coexisting with pulmonary tuberculosis, when this can be done without causing 
overdistension of the tuberculous areas. 

The indications formulated below are, of course, tentative only, since they 
are based on an admittedly small amount of clinical material. 

1. The principle of conservation of normal lung tissue should always be 
adhered to. Segmental resection when feasible should always be preferred to 
lobectomy. 

2. When inactive pulmonary tuberculosis is present steps should be taken 
to avoid overdistention of the tuberculous area. Thus after lower lobe resection, 
phrenic paralysis possibly associated with a period of pneumoperitoneum would 
be desirable. If the lesions coexist in the same lobe, this should be considered 
a further indication for resection. 

3. In the presence of active pulmonary tuberculosis, distention of the 
tuberculous area must be regarded as potentially very dangerous. If the 
disease processes can be excised at the same operation this should again be 
considered a positive indication for lobectomy or pneumonectomy. When the 
disease processes are bilateral we feel that prolonged sanatorium treatment of 
the tuberculous process with appropriate chemotherapy should be the method 
of choice. 

Since this study was begun, three patients with bilateral lower-lobe bronchi¬ 
ectasis and active upper-lobe tuberculosis have presented themselves for 
therapy. In each case, in the absence of a tuberculous lesion, segmental re¬ 
sections or lobectomies would have been performed for the bronchiectasis. 
Guided by the above principles, however, each patient was treated with chemo¬ 
therapy (consisting of 1 6m. streptomycin twice weekly and 12 Gm. PAS 
daily) for prolonged periods of time (eight to eighteen months) with clinical 
arrest of the tuberculous lesion and marked improvement in the symptoms of 
bronchiectasis. 

conclusions 

Pulmonary tuberculosis occurs as a sequel with impressive frequency in 
patients who harm had resection for nontubereulous disease, even in the face 
of negative roentgenograms and bacteriologic studies for tubercle bacilli in the 
immediate pre- and postoperative periods. In several series the reported 
incidence varied from 3 to 13 per cent. This finding leads to the conclusion 
that this is a group needing periodic follow-up roentgenograms in much the 
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same wav as contacts to active eases of tuberculosis require follow-up. Routine 
c.^t roentgenograms every three months for one year after surgery and every 
six months for several years longer might prevent the tragic development of 
a tuberculous process already far advanced when first detected. 

The exact, pathogenesis of this tuberculous process is not known, lmt over- 
intention of the remaining lung tissue seems at present the most important 
Mt ‘" e laetor - Therefore, when pulmonary tuberculosis is known to coexist with 
Mine other disease rei|uiring resection, overdistention should, if possible, he 
'on ci. This may he effected by a combination of segmental resection when- 
;H r jumble. w ‘ t * 1 ''ousequent conservation of lung tissue, and diminution in 
size of the hemithorax hv some combination of pbreiiie nerve surgerv, 

1 nctimoperitonenm, thoracoplasty, etc. Such patients should in addition he 
° "ith 1 reipient roentgenogram examinations in order to discover any 
ation of the tuberculous process as soon as possible after its development. 


St'MM AUY 

1 T 

j L ' as ' ; * ;it 'v* presented in which far-advanced pulmonary tuberculosis 

t'e oped in patients who had recently undergone lobectomy for bronchiectasis. 
-■ The literature on this subject has been reviewed. 
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SPONTANEOUS HEMOPNEUMOTHORAX 

Colin A. Ross, M.D. 

Edmonton, Canada 

A pproximately eigiity-four cases of spontaneous hemopneumothorax 
have been reported in the medical literature to date. The condition is 
therefore of relatively rare occurrence. The purpose of this paper is to record 
six more cases and to make certain suggestions regarding the treatment of the 
disease. One of the cases reported may be the first reported case of success¬ 
ful surgical intervention in the acute stage of the disease. 

HISTORICAL 

Recognition of the disease was probably first made by Laennec in 1828 
who found air under pressure and blood present in the pleural cavity in a 
case at autopsy. Whittaker, in 1876, reported the successful treatment of a 
case by aspiration. The first two comprehensive case reports were, however, 
published in 1901, independently by Pitt 1 and Rolleston. 2 Each author pub¬ 
lished a single case report of fatal spontaneous hemopneumothorax. Both 
cases were young men. Pitt’s case of an 18-year-old boy showed at autopsy 
emphysematous bullae at the apex of the right lung and torn pleural adhesions. 
Rolleston’s patient, a 21-year-old man, was admitted with a perforated peptic 
ulcer but, due to his extreme degree of shock, he was not operated on. He 
improved for a few days, but died one week after admission. Autopsy showed 
a right hemopneumothorax, but no apparent source of the bleeding. 

Of the reported cases, approximately 25 per cent have been fatal, and it 
is interesting to note in the fatal cases, coming to autopsy, that there is re¬ 
markable absence of evidence of the source of the bleeding and a not uncom¬ 
mon finding of the presence of emphysematous bullae in the affected lung. 

Hartzel 3 published an excellent paper on the subject in 1942, reviewing 
the literature and reporting two cases. One of his patients had suffered a 
spontaneous pneumothorax, with no evidence of effusion, two years previous 
to his admission with a spontaneous hemopneumothorax. 

Sinee 1942 several papers on the subject have been published, bringing 
the number of reported cases to approximately sixty-five. 

Of the number, three cases have been treated in the chronic phase of the 
disease by decortication/ 15> 6 and Hansen 6 reports an unsuccessful attempt to 
treat one case with a persistent fistula by thoracotomy, with intent to suture 
the ruptured bullae. These were too numerous to suture, and the patient later 
died of anoxia. There is, to my knowledge, no report of successful surgical 
treatment of the acute stage of the disease. 

From The Newcastle-on-Tyne Regional Thoracic Surgery Center, England. 

Received for publication Nov. 23, 1951. 
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INCIDENCE 

The disease appears to be almost confined to males, there being only lour 
female eases reported. This faet is difficult to explain, it has been suggested 
that men are more active than women and that muscular exertion is a caus¬ 
ative factor in the rupture of a subplcural vesicle, producing the initial pneu¬ 
mothorax. However, this condition ami its allied disorder, spontaneous pneu¬ 
mothorax, which is almost as common in women as in men, may appear when 
the patient is doing nothing more strenuous than shaving or, indeed, than 
reading the Sunday newspaper. It is thus doubtful if exertion is a very potent 
factor. 

The average patient is between 20 and -10 years of age, and the right side 
is as frequently affected as is the left. 


PATHOLOGY 

The mechanism of production of the condition is most certainly that of rup- 
tur e of a subplcural bulla with the production of a spontaneous pneumo¬ 
thorax. Vascular adhesions are torn, and the pleural space fills with air and 
blood. If the fistula remains patent and if a "ball valve” mechanism is pres¬ 
et, a tension hemopneumothorax results. 

bronehiolar scarring due to previous inflammatory disease (e.g., tuber¬ 
culosis) may well be a factor in the production of subplcural valve vesicles, 
uhich, on rupture, allow the continued escape of air into the pleural cavity, 
he inflammatory lesions are, however, practically always healed, and patho- 
ogieally the blame cannot be definitely traced to tuberculosis as the ante¬ 
cedent infection. Congenital cystic lung is also a cause, although, from re¬ 
ports, it appears to be a rather infrequent one. It may he stated that unless 
ler e is obvious gross tuberculous cavitation present in the affected lung, it is 
reasonably safe to assume that active tuberculosis is not a factor in the pro- 
ction of the disease. It is recognized that there can be exceptions to every 

r ule of this type, and routine sputum examinations are carried out in each 
ease. 

SYMPTOMATOLOGY 

The onset may be acute and with dramatic suddenness, or it may be grad- 
a anff more insidious. In the acute stage there may be a sudden severe pain 
le uhest or upper abdomen, radiating to the neck and shoulder, and ac¬ 
companied by syncope. There is next a latent period, in which the pain is 
ami 3nt * P at * ent fee's somewhat better. As the bleeding continues, shock 
and C0 ^ a . pse occur - The escaping air builds up pressure in the pleural cavity 
• . tension phenomena result. There may be nausea and vomiting due to 
to th 10n tilG lower thoracic nerves with reflex via the sympathetic supply 
s 6 al)c * omin al viscera. If the escape of blood and air is slower, the above 
days' 3 ° mS less mar h.ed, and will appear over a period of hours or even 

DIFFERENTIAL DIAGNOSIS 

ulcer 0 ' 16 ° f ^ filSt CaSeS re P orted was misdiagnosed as a perforated peptic 
, as were three of this series, and it is probable that this is a not infre- 
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quent “first diagnosis.” The disease very closely resembles such acute ab¬ 
dominal conditions as perforated viscus, acute pancreatitis, renal or chole¬ 
dochal calculus. The severe chest pain with radiation to the arm and shoulder, 
accompanied by shock, is very suggestive of coronary occlusion. The clinical 
evidence of pneumothorax is, however, usually quite obvious. 

treatment 

It has been frequently suggested that the treatment in the acute stage 
of the disease, when active bleeding is present, should be that of bed rest, 
warmth, sedation and, if necessary, transfusion. Aspiration of the chest is 
advocated if the mediastinal displacement is great enough to cause respira¬ 
tory embarrassment. The rationale of this treatment has been based on the 
belief that, as in intrapulmonary hemorrhage, rest, warmth, and sedation are 
beneficial, and that if the bleeding be from the lung, collapse of that organ 
will aid in the arrest of the hemorrhage. From observations at segmental 
lobectomy I would suggest that the latter part of this thesis is not entirely 
founded on fact, inasmuch as the bleeding tends to cease with the lung ex¬ 
panded. 

On examination it seems that a mortality rate of 25 per cent is rather 
high for hemorrhage from a vessel of relatively minor caliber, and that active 
treatment might have been more successful than the “wait and see” attitude. 

The treatment of this condition resolves itself into two phases: that of 
the “acute stage” and that of the “chronic stage” of the disease. 

TREATMENT IN THE ACUTE STAGE 

Clinically, the acuteness of onset will vary with the rate of accumulation 
of air and blood in the pleural space. Generally, however, shock and dyspnea 
due to blood loss and mediastinal displacement are fairly well marked. There 
are two problems in this phase: that of blood loss and that of interference with 
the cardiorespiratory function by the accumulation of blood and air in the 
thorax. The patient should be treated as an urgent surgical emergency. 
Posteroanterior and lateral roentgenograms of the chest should be obtained. 
Blood should be matched and equipment made ready for thoracentesis and 
the insertion of an indwelling catheter into the chest. The intrapleural ten¬ 
sion must be relieved and the lung allowed to expand and obliterate the 
pleural space. This is best accomplished by an intercostal catheter of the 
Malicot type, attached to a water seal, and allowed to drain gradually over 
a period of several minutes. Transfusion should also be started at this time. 
Generally speaking, the patient’s condition should be now, at least temporarily, 
under control, and one can observe the rate at which further bleeding occurs. 
It may be necessary to place another catheter in the second interspace an¬ 
teriorly to allow air to escape, as the presence of dependant fluid is often an 
effective barrier to the escape of air except under considerable pressure. The 
catheter in the dependent drainage position may also be blocked by the par¬ 
tially expanded lung or by an elevated diaphragm. Serial roentgenograms 
will be necessary to determine the degree of expansion of the lung. It must 
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not be taken lor granted that the lung is completely expanded, because air 
entry can be heard on auscultation over the affected side. It is important that 
every effort be made to prevent any residual space being left to require treat¬ 
ment at a later date. ".Vote is th, hour." The patient is nursed in the semi* 
recumbent position unless in extreme shock, and oxygen is given as indicated. 

If bleeding, as shown by the condition of the patient and the amount ot 
drainage in the bottle, appears to be excessive and continuous, then no time 
should lie lost in deciding upon a thoracotomy as the turther "treatment ot 
necessity.” With the chest open and the bleeding point under direct vision. 



* b " l- (Case i). Koentgenogram taken on admission. Xote large pneumothorax, tluid level- 
apical adhesion. Xote also the mediastinal shift to the left. 

the problem becomes one of arrest of hemorrhage with the bleeding vessel 
c°n\ eniently accessible. When the space has been cleared of clot and the 
J eedill S controlled the chest is closed, leaving two intercostal catheters at¬ 
tached to water seals. One tube is in the costophrenic angle and one in the 
second interspace anteriorly. Xo attempt need be made to close the fistula, 
u indeed it may be found, but large emphysematous bullae may be resected 
p con dition of the patient allows and the procedure is not too formidable. 

s operatively, every effort must be made to secure complete expansion of 
the lung. 

That the results of the above schedule of treatment may be expected to 
6 Iaroi- able is illustrated by the following case. 
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s-eaEs 01 repeated aspiration, saline washouts, and perhaps the use of strepto- 
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-'-own tv the following examples. 
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Case 1.—Shotley Bridge No. 6441, male machinist, 34 years of age. This patient was 
admitted with a history of having been seized with a sudden sharp pain in the right posterior 
chest while at work twenty-four hours previously. About sixteen hours prior to admission 
he had vomited undigested food, a considerable quantity of "coffee ground" material, and 
about a dessertspoonful of bright red blood. He had no further vomiting. He volunteered 
the information that he had suffered from "stomach trouble" for years. Since the onset 
of pain he had become somewhat short of breath, but not markedly so. He also had had 
several bowel movements, but no evidence of melena. On examination he was pale, breathing 
rapidly, but was not distressed. His pulse was 120 per minute and his blood pressure was 
70 mm. systolic. One hour after admission a blood transfusion was started. The diagnosis at 
that time was that of gastrointestinal hemorrhage, but six hours later the patient suddenly col¬ 
lapsed, was cyanosed and dyspneie, and had the signs of a tension pneumothorax. Aspiration of 
the chest at this time yielded air and a small amount of blood, and gave immediate relief of 



Fig. 2.—(Case 1.) Roentgenogram made at outpatient department, S,1 ? wins costo¬ 
re-expansion of the lung following thoracotomy. There are residual adhesions at int. 
phrenic and cardioplirenic angles. 


symptoms. However, it was again necessary to aspirate the chest half an hour later, and two 
and one-half pints of blood were removed at this time. At this stage the patient was m ex 
trenie shock and death seemed imminent. However, by transfusing under pressure and the 
introduction of an intercostal catheter, lie improved remarkably, and within a few hours ie 
seemed comparatively well. Blood, however, continued to drain from the pleural space, 
his condition again began to deteriorate. It was obvious that he was not going to survne 
unless the bleeding could be stopped. He was accordingly removed to the operating theater 
and a quick thoracotomy was performed. A large amount of clotted blood was removed from 
the pleural space and a partially divided adhesion was seen at the apex of the lung. In this 
adhesion was a small, actively bleeding artery. The opening in the artery was obviously 
being kept patent by the tension of the adhesions. A small bulla was also present. The 
division of the adhesion was completed, and the vessel was ligated. The chest was then 
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a large left hydropneumothorax which on aspiration yielded air and dark brown fluid which 
was found to be old blood. Six pints of this were removed from the chest. Repeated aspira¬ 
tions, combined with saline washouts, resulted in complete re-cxpansion of the lung in three 
months’ time. 

Case 3. —Middlesborough Chest Clinic No. 2, male post office engineer, 29 years of age. 
This patient developed severe pain in the left chest and shortness of breath while seated at 
his office desk. Later in the day he vomited repeatedly. He was treated expectantly by his 
doctor, and the pain gradually eased and the dyspnea became less. Three weeks later, when 
he had been ambulatory for about five days, he again experienced a sudden attack of chest 
pain and dyspnea. Chest aspiration at this time revealed the presence of a left hemopneumo- 
thorax. He was treated by repeated aspiration of the chest and re-expansion of the lung 
was progressive over the following six weeks. 


1 



Fig. 5.—(Case 2.) Roentgenogram showing satisfactory re-expansion of the lung six months 

after admission. 


It may be seen from the examination of these two eases that, although the 
results were those of complete expansion of the lung with a good functional 
result, the time necessary to achieve this result may be as long as three 
months, and it must be remembered that the risk of converting a simple clotted 
hemothorax into an empyema is always present. 

Of the next two cases, one was first seen in the acute stage and the other 
in the chronic stage. Both were treated conservatively by aspiration and 
transfusion in the acute stage until the bleeding had ceased and the fistula 
was closed. In each case there remained a residual space. This was treated 
for a short while by further aspiration but it could be seen that cure by this 
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afterward 6 pints of almost pure blood were aspirated from the pleural cavity. Blood trans¬ 
fusion was commenced, and within a short time the patient’s condition was quite good. 
Further aspirations were performed over the following few days. Two weeks after admis¬ 
sion, a roentgenogram of the chest showed a partially expanded lung with multiple fluid 
levels intrapleurally. In this case, it is probable that if early intercostal drainage had been 
used instead of aspiration, the lung would have fully expanded. It was finally decided that 
decortication should be performed, and, following this operation, the lung re-expanded satis¬ 
factorily and the man was discharged three weeks after operation. 



Fig. 8.—(Case 5.) Predischarge roentgenogram showing satisfactory re-expansion of the lung. 

If the patient is seen at the time when organization of the fibrin Iayet 
has already begun, the treatment of choice is thoracotomy and decortication 
of the lung. If, even in an early case, there is a large amount of clot in the 
pleural space, the same rule applies. 

The last ease was first seen some months after the onset of his illness. He 
presented with a definite organizing clotted hemothorax. This man was un¬ 
usual, in that he gave a long history of “chest trouble” with repeated attacks 
of bronchitis and “chest colds.” 

Case 6.—Shotley Bridge No. 6995, male shoolteacher, aged 26 years. Three months 
prior to admission this man developed a sudden pain in the right chest and became short of 
breath. He was treated as a “pleurisy” patient until his distress became so great that he 
liad to be admitted to the hospital where a roentgenogram revealed the presence of a large 
right hydropneumothorax. Aspiration was performed, and 18 ounces of dark blood were 
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obtam&L As it was evident that the pleural space was filled with organizing blood clot, it 
vvas decided to transfer him to Shotlev Bridge Hospital for treatment. On admission there 
ass a thin, pale, tired, and ill-looking young man. After transfusion and several days 
cs a high protein diet, his condition improved considerably. It was therefore decided to 
decorticate his right lung. At operation a large amount of organizing blood elot was removed 
treat the pleural space, and a moderately thick fibrous ‘‘peel’' was stripped from the surface 
ot the visceral pleura. The lung expanded well posioperatively, and subsequent bronchography 
trowed no evidence of the bronchiectasis that had been suggested by his history. .Teen re¬ 
cently at the outpatient clinic, he had gained approximately 30 pounds ia weight since the 
operation, and stated that “he had not felt as well for years as he did then.’’ 

In none of the cases operated on in the chronic stage was there seen any 
evidence, at operation, of the cause of the pneumothorax. 

DISCUSSION 

From consideration of the above eases, it is obvious that the logical treat¬ 
ment of this condition can be summarized as follows. 

In the ac-nte stage the procedure should be to decompress and drain the 
chest with an intercostal catheter attached to a water seal, transfuse, and be 
Prepared to do a thoracotomy if necessary. 

In the early chronic- stage (up to one week*, before organization of the 
hbrin has started, intercostal drainage and intensive physiotherapy should be 
tt=ed. If tjie gstola remains persistently open and the lung will not adhere to 
J he chest wall, thoracoscopy and "poudrage” with iodized kaolin or asbestos 
powder is indicated. Usually, however, a pleuriris of stub cSent intensity to 
close the fistula and produce pleural adhesion will be produced by the pres¬ 
ence of blood in the pleural cavity. 

It the c-ase goes on to the late chronic- stage without expansion of the 
lung being obtained, or if the patient is first seen in the late chronic stage of 
iQe disease, a thoracotomy with decortication of the lung is advised. In the 
c^e. early or late, with a large amount of clotted blood in the pleural space, it 
advisable to do a thoracotomy and to clear out the clot to enable the lung 
expand properly. 
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It lias also come to my attention that an article by Myers, Johnston, and Bradshaw, 
reporting the successful treatment by thoracotomy of an acute case of spontaneous hemopneu- 
mothorax, appeared in the Annals of Surgery of March, 1949. The case reported by me is 
therefore not the first one. 

The above additional evidence supports the suggestion that thoracotomy is a good form 
of treatment of selected cases of the disease. 
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THE DEVELOPMENT OF CANCER IN DYSTOPIC AND ECTOPIC 
THORACIC STOMACHS 
Report of Two Cases 

George T. Pack, M.D., Frank S. Butler, M.D., and Elihu Katz, M.D. 

New York, N. Y. 

r T'HE incidence of intratlioraeic gastric carcinoma is low There is a paucity 
A of medical literature on this subject. The bizarre association of gastric 
cancer in a partial or complete intratlioraeic stomach is probably more fre¬ 
quent than reports would indicate for three reasons: (a) many cases are not 
reported, (b) the diagnoses are not accurate due to pre-existent and coexistent 
symptoms and radiographic abnormalities, and (e) a laige proportion of t e 
case reports are based on clinical evidence unsupported by surgical confirmation. 
We wish to report two instances of resectable gastric cancer occurring within 
the chest and characterized by the following facts: Case 1. Laparothoracotomy 
and subtotal esopliagogastreetoniy with intratlioraeic esophgogastiic anastomosis, 
Case 2.—A remarkable instance of cancer in a thoracic stomach, treated by total 
gastrectomy and intrathoracie esophagoduodenostomy (first recorded instance). 

Incidence .—The annual American death rate from cancer in geneial 
approaches 125 per 100,000 of population, and for cancer of the stomach per¬ 
haps 20 per 100,000 of population, which means an estimated 28,000 deaths 
yearly due to gastric cancer. Among 1,200 cases of carcinoma of the stomach 
directly involved in the experience of one of us (G. T. P.), there haie been 
only two instances of its occurrence within a partial or complete intiatlioracic 
stomach, an incidence of 1 to 600, or 0.166 per cent. The theoretical applica¬ 
tion of this ratio on a national scale would suggest that about forty-file cases 
of cancer in an intrathoracie segment or entire stomach should be expected 
yearly in the United States. As far as we can determine in a casual review 
of the world literature, there mav not have been more than twenty to twenty-file 
such cancers successfully resected in all times. The ratio of cancers occurring 
in hitrathoracically dystopic or ectopic stomachs leads to interesting speculation 
concerning statistical and etiologic relationships. In an experimental screening 
ny routine gastrointestinal roentgenographic examinations of some 4,000 ap¬ 
parently normal American men and women over 40 years of age, Robert Sher- 
tnan detected only six well-defined diaphragmatic hernias and about twenty 
small hiatus hernias, suggesting a ratio of approximtely 600 per 100,000 of 
Population, a figure wpll below that of many reporters whose criteria are not 
so critical of the degree of herniation, e.g., Brick with 308 hernias found in 
•1,448 routine gastrointestinal roentgenographic examinations (7,500 per 100,000 
01 Population). Utilizing the figures of Sherman, we can say from our own 
data th at, (a) there are about 300 cases of diaphragmatic hernia existing for 
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every cancer of the gastric cardia, (b) only one in sixty cancers of the gastric 
cardia occurs in an intrathoracic stomach, and (c) the theoretical likelihood of a 
patient with a diaphragmatic hernia developing cancer within the intrathoracic 
segment of the stomach is about one in 180,000 cases. 

Anatomic Relationships amd Criteria. —The employment of the term dia¬ 
phragmatic hernia indicates that all such dystopic stomachs have an investiture 
of a hernial sac, in contradistinction to a false hernia or “evisceration.” The 
phrase “hernia of the diaphragm” is not generally used in the case of the 
congenitally short esophagus because it suggests that the stomach was some¬ 
times within the abdominal cavity. It would be more proper to say “thoracic 
stomach,” but even this term implies that the entire stomach is in the chest; 
at least it distinguishes it from congenital absence of the diaphragm when both 
the stomach and intestines are in the thorax. Numerous names have been sug¬ 
gested for this interesting abnormality including: (1) thoracic stomach, (2) 
hiatus hernia with congenitally short esophagus, (3) diaphragmatic hernia of 
the short esophagus type, (4) partial thoracic stomach, (5) congenital shorten¬ 
ing of the esophagus and the thoracic stomach resulting therefrom, and (6) 
eventration of the diaphragm (this refers to a highly placed but intact dia¬ 
phragms. As far as we know, Percival Bailey first employed the term “thoracic 
stomach,” to designate the congenital development of the stomach above the 
diaphragm, in which ease there would be no false opening in the diaphragm, 
whereas in the case of diaphragmatic hernia the stomach in whole or in pait 
may be constantly or intermittently within the chest and may be accompanied 
by other organs. Maurice Feldman’s criteria for a true thoracic stomach aie. 
(a) the esophagus opens into the stomach above the diaphragm, (b) no stream 
of barium representing the abdominal esophagus is seen to pass below the 
diaphragm, (c) the esophagus is not distorted or curled back on itself, and (d) the 
stomach remains above the level of the diaphragm and the esophagus is too 
short to reach the level of the diaphragm. The two case reports presented heie 
probably represent both types; e.g'., Case 1 is suggestive of cancer of the gastiic 
cardia developing in the segment of the stomach participating in a diaphrag¬ 
matic hernia (dj r stopic stomach); Case 2 in spite of its envelopes, is typical 
of a congenitally short esophagus with total intrathoracic stomach and normal 
diaphragmatic hiatus traversed by an attenuated duodenum. 

Etiologic Considerations .—Can one say that a diaphragmatic hernia con¬ 
taining a dystopic stomach or a congenital intrathoracic (ectopic) stomach aie 
causal factors leading to the genesis of cancer in these involved parts or should 
it be assumed that the two diseases are coincidental in their regional localiza¬ 
tion ? The arguments may be summarized briefly: 

1. The previously mentioned data concerning the relative incidence of 
diaphragmatic hernia and gastric cancer and their coexistence in the 
same patient would discourage any thought of - causal relationship. 

2. The stomachs involved in these displacements obviously could be in¬ 
volved by the same diseases and with the same frequency as occurs 
in stomachs of otherwise normal individuals in the same age groups. 



PACK ET AL.: CANCER IN DYSTOPIC AND ECTOPIC THORACIC STOMACHS 595 

In Brick’s series of 308 patients with hiatus hernias, the following asso¬ 
ciated lesions were found: duodenal ulcer, 31; esophageal diverticu um, 

5; esophagitis, 3; hypertrophic gastritis, 7; gastric ulcer, 1; esop agea 
cancer, 1; gastric cancer, 4 (of which only two weie eon rme y 
operation). 

3. The coexistence of gastric cancer and dystopia or ectopia of the stomac 
should not be significant unless the cancer was situated in the herniated 
segment of the stomach. As a matter of fact, quite a number o t e 
gastric cancers reported to be associated with hiatus hernias were 
pyloric in site (Schwartz, Jackson, and Harrington) and some of the 
coexistent cancers were esophageal rather than gastric in histogenesis 
(Hill, Wolf, Smithers, Olsen, and Harrington). 

4. Do these cancel’s develop on ulcers occurring in the displaced or ma - 
placed gastric segment? The assertion has been repeatedly quoted that 
the congenitally short esophagus is commonly associated with peptic 
ulceration. The common occurrence of gastric hemorrhages in patients 
with hiatus hernia has lent support to this theory. Nevertheless, Polley 
found ouly three gastric ulcers and no cancers in his forty-seven cases 
of hiatus hernia and Brick reported one gastric ulcer and four cancers 
in his 308 eases. In our two reported cases, the gross configurations of 
the cancers would render it unlikely' that in their origins, they' were of 
the ulceroeaneer tvpe. 

5. Does the factor of’possible irritation within the thoracic gastric segment 
offer a background or basis for the development of cancer in this site ? 
With a congenitally short esophagus, the cardiac sphincter Ls usually 
relaxed which may predispose to regurgitation or retention of acid 
gastric juices with consequent irritation and even ulceration, although 
this condition should affect the esophagus more than the stomach. 
Patients with cancer developing in a herniated intrathoracic stomach 
sometimes have a long history of dyspepsia antedating the onset of the 
cancer (Case 2). Irritative gastritis has never been satisfactorily 
proved to be a precursory lesion for gastric cancer. 

In conclusion, therefore, we must admit that there is insufficient valid 
evidence to consider dystopia or ectopia of the stomach as a precancerous 
state, nor is the hazard of cancer occurrence in the herniated stomach, a suffi¬ 
cient indication in itself to influence the surgeon’s decision whether or not to 
repair the hernia. 

Symptomatology and Diag/io.iu of Cancer in the Intrathoracic Stomach .— 
The resectability of gastric cancers occurring in intrathoracic segments is 
undeniably lower than obtains for the same disease iri normally located stomachs. 
Indeed many of the reported cases are based on necropsy' findings. The long 
antecedent histories of dysphagia, esophagitis, heartburn, etc., associated with 
the known presence of a hiatus hernia riiine years in Case 2) may lull patient 
and physician alike into a false sense of security. The transition in symptoms 
caused by the mechanical abnormality to those due to gastric cancer may be 
difficult to perceive. The intervention of serious hemorrhages as in one of 
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our patients (Case 2) may lead to earlier surgical treatment. Gastroscopy with 
the rigid or flexible instrument may be indeterminate because of the distorted 
relationships of the esophagus and stomach. Correct roentgenographic diag¬ 
nosis of cancer superimposed on an intrathoracic gastric segment or stomach 
is often difficult to make, in fact many more cases are incorrrectly diagnosed 
as cancer when the defect is only a mechanical distortion of a herniated portion 
of the stomach. 



A. B. 

Fig 1 . 1 .—A (Case 1), Roentgenogram to show supradiaphragmatic defect in gastric 
cardia. Note congenitally short esophagus. B (Case 1), Postoperative roentgenogram to 
show intrathoracic esophagogastrostomy after subtotal esophagogastric resection. 


Surgical Treatment .—The more recent acceptance of laparothoracotomy 
as a routine measure for cancers of the proximal stomach and lower esophagus 
has given these patients an opportunity for cure. More successful surgical 
resections will undoubtedly be reported in the future. In the second case 
report, the total gastrectomy performed within the chest was done with the 
greatest ease and speed in our experience. The ligaments of the stomach and 
their contained blood vessels were transected and ligated with consummate ease. 
The duodenal stump and severed esophagus were so naturally and closely 
approximated that an end-to-end anastomosis well within the chest was readily 
done. It was not necessary to free the peritoneum along the lateral duodeno- 
lumbar gutter (Kocker maneuver) to mobilize the duodenum as was done in 
the olden days when subdiaphragmatic or abdominal esophagoduodenostomies 
were in vogue as the second phase of the operation of total gastrectomy. 
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CASE REPORTS 

Case 1 .—Subtotal esophago-gastrectoiny for cancer in a thoracic gastric cardia: G. G., 
a white man, aged 54 Tears, applied for treatment on April '29, 1949. For one year he had 
observed increasing discomfort on swallowing solid foods. For two months he had con¬ 
sumed only liquids. He had recently experienced constant, dull pain in the left upper 
abdominal quadrant. He had previously been told that he had a peptic ulcer. Physical 
examination was not informative of the diagnosis. 

A roentgenogram of the chest showed a density superimposed on the heart shadow. 
Barium swallowing and radiographic studies demonstrated a dilatation of the esophagus and 
a large polypoid tilling defect obscuring the mucosal pattern of a dystopic proximal seg¬ 
ment of stomach witliin the chest. Esophagoscopy was performed and a biopsy obtained 
at a distance of 40 cm. from the incisor teeth; the microscopic diagnosis was adeno¬ 
carcinoma. 


Fig. 



(Case 2 ), Roentgenogram to show intrathoracic stomach with filling detect in gastric 
silhouette to correspond with site of carcinoma. 


i e ,. t j thoracolaparotomy was done on May 31, 1949. The stomach was found to be pro- 
Th/hr-' 1 '” 1 ' tlle thoracic cage. A large tumor occupied the entire gastric cardia. 

Bu j rai -hyesophagus ended only 4 cm. below the aortie arch. Moreover, large firm Ivnipb 
' L ' re lount * throughout the omentum and along the lesser gastric curvature. The 
,;^ h " us transected at the lower fifth, and the di.-tal gastric stump was anastomosed 
** e;i0 phagus immediately below the aortic arch. 

Ti' A 

^ceura? ^ lcro * co P ic analysis was: adenocarcinoma, grade II, with extension to the peri- 
— and nietastases to multiple lymph nodes aloii£ the leaser curvature. 
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our patients (Case 2) may lead to earlier surgical treatment. Gastroscopy with 
the rigid or flexible instrument may be indeterminate because of the distorted 
relationships of the esophagus and stomach. Correct roentgenograpliic diag¬ 
nosis of cancer superimposed on an intratlioracic gastric segment or stomach 
is often difficult to make, in fact many more cases are incorrrectly diagnosed 
as cancer when the defect is onfy a mechanical distortion of a herniated portion 
of the stomach. 



A. B. 

Fig-. 1.—A (Case 1), Roentgenogram to show supradiaphragmatic defect in gastric 
cardia. Note congenitally short esophagus. B (Case 1), Postoperative roentgenogram to 
show intrathoracic esophagogastrostomy after subtotal esophagogastric resection. 

Surgical Treatment .—The more recent acceptance of laparothoracotomy 
as a routine measure for cancers of the proximal stomach and lower esophagus 
has given these patients an opportunity for cure. More successful surgical 
resections will undoubtedly be reported in the future. In the second case 
report, the total gastrectomy performed within the chest was done with the 
greatest ease and speed in our experience. The ligaments of the stomach and 
their contained blood vessels were transected and ligated with consummate ease. 
The duodenal stump and severed esophagus were so naturally and closely 
approximated that an end-to-end anastomosis well within the chest was readily 
done. It was not necessary to free the peritoneum along the lateral duodeno- 
lumbar gutter (Kocher maneuver) to mobilize the duodenum as was done m 
the olden days when subdiaphragmatic or abdominal esophagoduodenostomies 
were in vogue as the second phase of the operation of total gastrectomy. 
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rarcicuma. An esophagoscopy was done, and a granular lesion visualized which was inter- 
as carcinoma. A biopsy was performed which was not confirmatory of the clinical 
^'1 radiographic opinion. 

On April 14, 1950, a laparothoracotomy was done. From the abdominal aspect the 
rtomach was absent, being retracted into the chest, with the greatly elongated duodenum 
lit ending into the diaphragmatic hiatus. The intrathoracic stomach was covered by a tuo* 
ia'crwl membrane, presumably peritoneum and mediastinal pleura, between which was a 
-a derate serous transudate. A bulky tumor occupied the middle third of the stomach, and 
■-•a? situated chietly on the lesser curvature. The tumor measured d cm. in diameter and 
luWt'Inl all coats of the stomach wall. The great omentum which was also within the chest 
.'•atained numerous lvmph nodes measuring U.5 to *J.O cm. in diameter. 
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Convalescence was normal, and he was discharged from the hospital on the twenty- 
third postoperative day. He achieved a good appetite and was able to ingest a high-protein, 
high-caloric, normal diet. On March 15, 1950, his liver was found to be massive, hard, and 
nodular. He died on April 11, 1950, one year following the gastrectomy and intratlioracic 
anastomosis. 

The final diagnosis was adenocarcinoma occurring in an intratlioracic cardiac segment 
of the stomach associated with a congenitally short esophagus. 



Fig. 3.— (Case 2), Diagram to show the relations of the cancer-bearing intratlioracic 
stomach. Note the proximity of duodenal bulb to the distal esophagus and the double in¬ 
vestiture by peritoneal and pleural sacs. 


Case 2.— Total gastrectomy for cancer occurring in an intratlioracic stomach: tntia- 
thoracic esophago-duodenostomy: JM. G., a white man, aged (13 years, applied for treatment 
on April 6, 1950. His chief complaints were belching, eructation of liquids, postprandial 
pain, weakness, and loss of weight (40 pounds) of three months’ duration. Another 
physician had treated him for anemia. On several occasions he had hemorrhages (hematem- 
esis and melena), and had received six blood transfusions. 

In his past experience he had occasional indigestion for many years: nine years pre¬ 
viously roentgenographic studies were made following a barium swallowing, at which time 
the patient had been informed that his entire stomach was within his chest. 

On physical examination, the patient appeared very anemic and cachectic. No other 
external evidence of disease was seen, and there were no palpable masses. Roentgenographic 
studies at this time revealed the- stomach to be situated within the left hemithorax. There 
was a marked irregularity of the gastric silhouette, strongly suggesting the presence of a 




PACK ET AL. : CANCER IN DYSTOPIC AND ECTOPIC THORACIC STOMACHS 601 


i- Dawson, J., and Richards, H. G. H.: Carcinoma in a Herniated Gastric Cardia Asso¬ 
ciated with Short Oesophagus, Brit. J. Radiol. 23: 270-273, 1950. 

Holland, A. L., and Logan, V. \V.: Cancer Developing in the Herniated Portion of the 
■Stomach, New York State J. Med. 40: 216-217, 1940. 

°- Jacobs, L. G.: Carcinoma in a Case of Esophageal Hiatus Hernia, Am. J. Roentgenol. 
40: 3S1-3S2, 193S. 

>. Jankelson, I. R., and Morein, S.: Complications of Diaphragmatic Hernia, Rev. Gastro¬ 
enterol. 7: 134-143, 1940. 

r- he Vi aid, L. T.: Thoracic Stomach: Differentiation from Eventration and Hernia of the 
, , r . Diaphragm, Radiol. 3: 91-104. 1924. 

'• jailer, R. ; Carcinoma in a Thoracic Stomach, Brit. J. Surg. 35: 426-42S, 194S. 

JManges, \Y. F., and Clerf, L. H.: Congenital Anomalies of the Alimentary Tract, Am. 
n Roentgenol. 33: 657-669, 1935. 

H. Holler, F.: Zwcrchfellhernia und Magenkarzinom, Acta Med. Scandinav. 74: 421-429, 
1931. 

1-’. Olsen, A. M„ and Harrington, S. AY.: Esophageal Hiatal Hernias of the Short Eso¬ 
phageal Tvpe: Etiologic and Therapeutic Considerations, J. Thoracic Slt.g. 17: 1S9- 
209, ms. 

"• Hack, G. T„ and McXeer, G.: The Incidence of Gastric Cancer, Surg., Gvnec. & Ohst. 
86 : 321-534, 1948. 

n. lack, G. T., and McXeer, G.: Surgical Treatment of Cancers of the Gastric Cardia, 
Surgery 23: 976-1019. 1948. 

-<• Policy, H. F.; Congenital Short Esophagus with Thoracic Stomach and Esophageal 
Hiatus Hernias; Report of Fortv seven Cases, -I. A. M. A. 116: S21-825, 1911. 
t". haven, R. \Y.: Thoracieo-al.dominal '(lastrcctoniv for Carcinoma of Thoracic Stomach, 
P-rit. .1. Surg. 29: 39-46, 1947. 

*'• oii'.'icii, A. X.. and Reuling, J. K.: A Studv of Hiatus Hernia, Am. J. Digest. Dis. 17: 
'■'9-76, 195i). 

"• R't'lolf, and Duncomhe, Ch.: Herttie diaphragmatiipie ct cancer de 1 Vstomac, Arch. mal. 
., !1 P1>- dig. ct mal. nut. 33: 125 127. 1919. 

.'hwnrtz, A.: A propos lies hernics diaphragmatiques. Bull, ct mem. soc. de chir. de 

Paris 45: 95v96l, 1919. 

~ ■'anthers, l). \Y_: Short Oesophagus tThoraeie Stomaeht and Its Assis'iatioa with Peptic 
,. 1 lccration and Cancer, Brit. .1. Radiol. 18: 199 2<>9, 1915. 

■ • anthers, 1). AY.; The Association of Cancer of the Gastric Cardia with Partial Thoracic 
, . Stomach, Short Oesophagus and Peptic Clcomtion, Brit. .1. Radiol. 23: 261-269, 1959. 
"at I, \\. L, : Traumatic Hernia Through tin* Diaphragm, Complicated l>v Carcinoma 
of the Stomach Diagnosed hv Means of X ray, Brit. .1. Surg. 2: 171-177, 1911. 



600 


THE JOURNAL OF THORACIC SURGERY 


the pyloric ring. Microscopic study showed diffuse invasive replacement of the gastric 
wall by adenocarcinoma. The cells were of the signet-ring type. None of the perigastric 
lymph nodes contained metastatic cancer. 


A. 



B.J— ,t-.t —X— ji—- I 


B. 

Fig. 5.—A (Case 2). Gross surgical specimen showing limits of duodenal and esophageal 
resection. B (Case 2), Ulcerating fungating saddle carcinoma developing on lesser curva¬ 
ture. 
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Following the thoracoplasty there is always a relative atrophy of the mus¬ 
culature o£ the operated side (Fig. 1). There is an atrophy of the trapezius 
and rhomboid muscles on this side. There is also an atrophy ox some ox' the 
ilat and long muscles of the back, as can be seen in the cross section (Fig. 1). 






SURGICAL TREATMENT OP POST-THORACOPLASTY PAINFUL BACK 

Lawrence M. Sheets, M.D.* 

San Antonio, Texas 


A PPROXIMATELY two and one-half years ago failure to relieve a patient 
of post-tlioracoplasty pain by resection of the inferior angle and part of 
the body of the scapula resulted in a careful re-examination and evaluation of 
the location of the pain and of the type of motion that would increase it. It 
was found that the cause of the pain was the impingement of the scapula upon 
the vertebral column. Occasionally in any large series of thoracoplasties, there 
are some patients who, in spite of adequate physiotherapy, training in muscle 
education, and proper posture, complain of almost constant pain in their backs. 
Some with limited thoracoplasties are found to have as the cause of discomfort 
or pain the familiar condition of the inferior angle of the scapula impinging 
upon or snapping over the last remaining rib. This report does not concern 
itself with this group, for when careful examination reveals this condition to be 
present, resection of the required amount of the body of the scapula and/or 
resection of a portion of the next remaining rib usually suffice to relieve the 
symptoms. Surgeons are sufficiently aware of this anatomic situation to include 
frequently partial resection of the scapula as part of many limited thoracoplas¬ 
ties. 

There are, however, patients whose cause of pain has no relation to this 
type of condition. This is quite evident, for there are patients whose pain 
persists who have previously had a resection of the inferior angle of the scapula, 
as in the case to be presented. Careful examination will reveal that the cause 
of their discomfort is the approximation or overriding of the vertebral border 
of the scapula to or onto the vertebral column. They have a constant dull ache 
in their backs or are aware of a sense of discomfort at all times, and this be¬ 
comes pain whenever they “brace up” in an attempt to improve their posture 
or whenever they reach backward in such a manner as to push their scapula 
backward. All the patients complaining of this pain clearly list inability to 
rest or sleep on the side of the thoracoplasty. It is important in examining the 
patient to find out whether the pain radiates in such a fashion that one might 
feel that the intercostal nerves are involved. These patients do not have the 
deep intercostal nerve pain, but state their pain is in the paravertebral area 
and does not radiate. 

Careful examination of these patients reveals how readily the malposition 
of the scapula occurs. When the patient braces, pulling the shoulder backward, 
one can see and feel the approximation or overriding. The jamming of the 
scapula against the vertebral column may be of sufficient tightness almost to 
hold in situ a sheet of paper. 


♦Civilian Thoracic Surgery Consultant to the Veterans Administration Hospital, I '-pr^vIlIe. 
Tex-is Brooke Army Hospital. Fort Sam Houston, Texas, and the United States Air Force 
Hospital, Randolph Air Force Base, Texas. 
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Following the thoracoplasty there is always a relative atrophy of the mus¬ 
culature of the operated side (Fig. 1). There is an atrophy of the trapezius 
and rhomboid muscles on this side. There is also an atrophy of some of the 
flat and long muscles of the back, as can be seen in the cross section (Fig. 1). 





Tll _ e following may be involved all or in part: Longissimus dorsi and eervieis, 
spinalis and semispinalis dorsi, and multifidus. These are the muscles that pad 
111 the concavity between the dorsal spines and the transverse processes. This 
atrophy results from the stretching of this muscle group due to the scoliosis 
blowing a modern radical thoracoplasty. The unopposed action of the liga- 
rnents and muscles on the contralateral side acts as a bowstring. This scoliosis 




° U * THE JOURNAL OP THORACIC SURGERY 

IS, of course, less marked when the transverse processes are not disturbed, but 
he condition being described can occur following a thoracoplasty wherein the 
transverse processes are not disturbed, as in one of the cases. The vertebral 
column loses its protective padding by such atrophy. This atrophy can be 



Fig". 2. Procedure I. The muscle flap from the right is swung over to the opposite scapula. 

noticed if one observes this region in the process of exposure for resections under 
previous thoracoplasties. It permits the scapula in the backward movement 
of the shoulder to ride against or even onto the vertebral column. There is also 
in any given patient the possibility of replacement of the trapezius and rhom¬ 
boid muscles by a thin layer of sear tissue. This can be expected in those pa- 





SHEFTS : 


POST-THORACOPLASTY PAINFUL BACK 


605 


tients in whom there occurs the following during the thoracoplasty stages: in¬ 
adequate primary closure of the muscle layers, infection with greater or less 
disruption of the wound, and excessive fluid formation that is not mimec a e j 
recognized and removed. The latter can disrupt muscle laieis and ie containe 



V the skin closure. In the eight patients who comprise tills series, attempts 
' v ere made to determine which, if any. of these conditions were present at the 
time of tLorec.opia.sty. As the thoracoplasties in seven of the patients were not 
done by the author, it was difficult to dick the above complications. However, 
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in at least one of the seven, infection may well have been a factor. The eighth 
case was due to neglect in aspiration of a collection of subscapular fluid, wherein 
the muscle was disrupted and the fluid was contained by the skin closure. 

OPERATIVE PROCEDURES 

The bases of the treatment of this condition are operative procedures 
designed to provide a pad between the vertebral border of the scapula and the 
dorsal vertebrae. Two procedures have been used. The procedure of choice 
in a given patient depends upon the amount and thickness of the muscle found 
remaining on the vertebral border of the scapula of the thoracoplasty side. 



Fig-. 4. Fig. 5. 

Fig-. 4.—Preoperative—The impingement of the scapula against the vertebral column is 
shown above with the patient sitting in normal position. The atrophy of the muscles is 
demonstrated by the depression medial to the vertebral border of the left scapula. 

Fig. 5.—Preoperative—The vertebral border of the left scapula is outlined by a solid 
line and the dorsal spines are marked. The overriding is clearly demonstrated. 

Procedure I (Pig. 2) consists of raising a flap of trapezius and rhomboid 
muscle from the opposite side of the chest, turning the flap on itself, and at¬ 
taching its free edge to the muscle remaining on the vertebral border of the 
scapula on the side of the thoracoplasty. Exposure and mobilization are ob¬ 
tained as follows: the greater part of the sear of the previous thoracoplasty 
operation is removed. The sldn and subcutaneous tissue nearest the vertebral 
column is undercut and dissected across the dorsal spines over to the edge of 
the vertebral border of the opposite scapula. A muscle flap of trapezius and 
rhomboid is cut from this side, based on their attachments to the vertebral 
column. This flap is then turned on itself across the dorsal spine (as seen in 
the cross section, Fig. 2) and attached to the muscle remnants along the 
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vertebral border of the scapula. In preparing the ^^^,“ placeme iit can 
border of the scapula of the thoracoplasty si e, ie an( j thus utilized, 

be incised, and some fairly good muscle fibers may be tonA 1 

_ , TT on . -pvnosure is obtained and the muscle nap ia » 

•Procedure II (Fig. 3). Expos , after careful dissection, m- 

from the opposite side as in Procedui • border of the scapula of the 

sufficient muscle is found along ^ undersurface of the scapula, 

thoracoplasty side, a flap may be iais muscles This flap is based 

consisting of the subseapularis and serratus . rt * (as J en in the 

on the vertebral border of the scapula an is } cL t0 t he free edge of 

cross section, Fig. 3) so that its free edge may be attached 

the flap from the opposite side. 



In both procedures, the regions of the source 
point of suture are drained for twenty- oui lours 


of each flap and its eventual 
with flat rubber drains. 


POSTOPERATIVE CAKE 

A pressure dressing is applied to the area of surgery and the arm is 
strapped to the side. The shoulder is partially pulled backward and held by 
adhesive running from the shoulder diagonally down and across the operative 
area onto the opposite chest. The skin sutures and pressure dressing are re¬ 
moved on the sixth day, the arm remaining fastened to the patient’s side for ten 
days. Physiotherapy is not started until the third or fourth week. 

\ typical example is as follows: A. L. A., a white man, aged 4S years, with pul¬ 
monary tuberculosis diagnosed in May, 1945, as moderately advanced and active. Initial 
left pneumothorax was unsuccessful in April, 1949, and a left six-rib thoracoplasty done 
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elsewhere was completed in July, 1949. Roentgenograms revealed excellent collapse with 
adequate removal of each rib and transverse process. The inferior angle of the scapula 
was resected as part of the second stage. Sputum and gastric cultures were negative for 
tuberculosis in July, 1950. Starting approximately one month after completion of the 
operation, the patient had discomfort on attempting to pull his shoulder back. In three 
more months this progressed to actual pain on attempting to reach behind him with his 
left hand. He had never been able to lie or sleep on his left side since the thoracoplasty. 
Fig. 4, 5, and 6 demonstrate the preoperative findings. Fig. 4 shows the impingement of 
the scapula onto the vertebral column -with the patient sitting in normal position. The 
atrophy of the muscles is demonstrated by the depression medial to the vertebral border 
of the left scapula. In Fig. 5 the overriding is clearly demonstrated, as the dorsal spines 



Fig. 7. Fig. 8. 

Fig. 7.—Postoperative—Patient with arms pulled forward. The fullness of the left 
paravertebral area can be observed, as well as a slight swelling over the dorsal spines at tne 
point of crossing of the muscle flap from the right. 

Fig. 8.—Postoperative—This indicates the relative positions of the medial border of the 
scapula and the dorsal spines. 

and scapula are outlined. Fig. 6 reveals that the overriding of the left scapula upon 
the vertebral column is in this case sufficient to hold a piece of paper in situ. Figs. 7, 
8, 9, and 10 demonstrate the result approximately one and one-half months after surgical 
Procedure II was carried out. Fig. 7 shows the result with the patient's arms pulled 
forward. The fullness of the left paravertebral area can be observed, as well as a slight 
swelling over the dorsal spines at the point of crossing of the muscle flap from the right. 
Fig. 8 indicates the relative positions of the medial border of the scapula and the dorsal 
spines ■with the patient sitting in normal position. Fig. 9 show's the bulge of the inter¬ 
posed muscle flaps when the shoulder is pulled backward. Fig. 10 demonstrates the rela¬ 
tive positions of the vertebral border of the scapula and the dorsal spines when the 
shoulder is pulled backward. 

RESULTS 

Eight patients have been operated upon by Procedures I and II in the last 
two and one-half years, and all were relieved of their symptoms. The first one 
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SHEETS : EOST-THOMCOPLASTE PA.NEtL BAC a 

, • ATovfh 1951. There has been no 

was operated on in May, 1919, and the ast n Lterierence in range of motion 
atrophy of the muscle flaps. There ^ ^ five patients, and Procedure 

not previously present. Procedure ‘ patients originally had a partra 

II was necessary in the remaining i . done as part of a second stage 

scapuleetomy. Two of these scapu ectonnes stage 0 f thoracoplasty. Fi ve 

thoracoplasty, and one was done fo g an d three in two stages. The 

of the thoracoplasties were done m ar ° ’ ________. 



Fig. 10. 


Fig. 9- ^ the bulge ol th e interposed muscle flaps when 

the shomde^f°puUed r backward. lonstra tes the relative positions of the vertebral border 

Fig. 10.—Postoperative—-This demonstrates shou u er is pulled hackuard. 

of the scapula and the dorsal spines 

__ lliue and the least were five. In all hut one, 
most ribs removed m one case ’ v ‘ ra ' e processes were removed. The interval 

the posterior rib segments and . thol . aco p lasty and surgical Procedures I and 
of time between the last sta - e the f ongest was twenty-four months and 

II averaged fourteen-plus mo 
the shortest eight months. 

DISCUSSION 

, nf thoracoplastv patients, it becomes obvious 

one fr sort «■ another with reference to 

tint mom’ of them have aches oi pains or ui u . , . 

that many oi toe arcnt that it requires careful, patient, and de- 

theu- thoracoplas . ^ ^ whether these symptoms are due to the 

nwre common cause of the impingement of the inferior angle of the scapula 
over remaining ribs, true intercostal nerve pant, or, less commonly, the anatomic 
condition described in this report. It is advised that each patient complaining 
of pain he carefullv examined and, without asking leading questions, be per- 
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mitted to tell you where his pain is and what brings it about. It is felt that 
patients who could receive marked or complete relief by the procedures described 
herein are passed by with too casual an examination. This may be observed 
in the fact that in one of the patients, resection of a portion of the scapula was 
done to relieve his pain and it failed completely; there being no change in the 
patient’s symptoms after the partial scapuleetomy. When re-examined, the 
findings and history revealed the condition to be present as described herein, 
and one of the surgical procedures gave him complete relief. It is obvious that 
only inadequate examination and questioning resulted in some unnecessary 
surgery. 

CONCLUSIONS 

1. Attention is called to the post-thoracoplasty impingement or overriding 
of the scapula onto the vertebral column as the cause of pain. 

2. Possible causes in development of this condition are listed. 

3. Two operative procedures used in alleviation of this condition are 
described. 

4. Results in eight eases are reported, and a case is presented demon¬ 
strating the pre- and postoperative condition. 



looted thoracoplasties with extrafascial apicolysis 


William R. Sweetman, M.D. 

Portland, Ore. 

QINCE the advent of thoracoplasty in the treatment of pulmonary tuberculosis 
k -' m 1888, modifications of the original procedure have been legion. In recent 
years, however, the “standard thoracoplasty” in the United States has been 
that advocated and popularized by Alexander and Churchill and their fol¬ 
lowers. Despite good general results reported in the literature, there have been 
from 15 to 25 per cent failures, the deformity has been considerable, and there 
has been immobilization of rather large portions of adjacent normal lung be¬ 
cause of the extent of the rib resection. Little known and poorly understood 
m this country is Semb’s apicolysis used in conjunction with a limited thoraco¬ 
plasty. 1 The applicability and success of this method will be illustrated in the 
Pillowing series of consecutive thoracoplasties of five or less ribs performed in 
the Oslo Municipal Hospital and the Oslo Municipal Tuberculosis Sanatorium 
from 1942 to 1949. 

There are 174 cases in all, five bilateral, with a total of 261 stages of opera- 
tion. The operations were done according to the method of Semb,* many of 
them performed by him. 

Since the development of this method in 1935, the operation has become 
m ore moderate and selective. Fewer and less extensive segments of ribs are re¬ 
sected without reducing the size of the apicolysis. Thus a seven-rib thoracoplasty 
a ' s oi v en way to a six-rib combined with partial sc-apulectomy, to a five-rib two- 
sta ge procedure, to a one-stage four-rib operation. The results have not suffered 
trom this reduction in the extent of the rib resection. 

Another modification has been the development of a method of maintaining 
e e °dapse after operation. In the early years up to 1944, only saline was 
P seed in the apicolysis cavity. Then mineral oil filling was begun with note¬ 
worthy success in preventing re-expansion of the apex until the ribs had re¬ 
generated over the new apical level. In an effort toward further improvement, 
air Ldingi was instituted in 1947, introducing pressures up to 40 to 50 cm. of 
These fillings are done on the fourth, eighth, and twelfth postoperative 

Received for publication Dec. 12, 1951- 

fourth?^ 0 ^ 11 a Paravertebral subscapular incision about one-third of the third rib thr pa 
T he aDfr^Stv and all of the first rib are resected dividing: their intercostal bundles 

Plexus and n » ^ * reed in the extrafascial plane beginning in the sheath of the brachiSi 

on th« down beyond the azygos vein on the right and the arch of the 

SDace'is hVif ^?, te J Iorly L to f. he \ ec 9 nd rib and posteriorly to the sixth or seventh ribs. Tht 
about nr, J 3 uit^djled with saline before closure. At the second tu a c_ A - e 


aoout on a liujuic. At the second stage the space is rennpnnd • 

and most Jf lh to t W,°- l , hlrds o£ the fourth, one-third of the fifth, the remainder of the ?econri 
and often re3 idual third ribs are resected. The intercostal bundles are divided nosteriSnv 
t»«ed o«r ,hl ed ° ver the apic T 1 leve! ‘ Cancellous bone chips are also in rSS- 
— ■ f°'UA h , e yy 61 tc> supplement the regenerated ribs. The space is again half filled 5 wdth 


•ne f 0 u° we j by postoperative air filling (Fig. 1.). 
the ninSAj^rfH pneumothorax needle is inserted at the upper end of the incision 
Manometer *2. order to enter the upper posterior part of the apicolysis spactewnln tr 3 
> r -tuaate<l , ves • vith respiration or coughing, the cavity has been fiched A.ViUU*'' 
o£ ooeg,„ “ p to pressures between 20 to 30 ac. of water. I r,.,- Alr I 3 then 

^ uon pressures can be effected up to CO c-c. 


Later following the second stage 
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days after the first stage of the operation, fourth, tenth postoperative days after 
the second stage, and weekly thereafter until new ribs are seen and the new 
thoracic roof is stable. The residual air is then gradually absorbed. 

Of the 174 cases, 93 were five-rib, 66 Avere four-rib, and 15 Avere three-rib 
thoracoplasties. This final group Avas composed primarily of cases Avith post¬ 
operative complications or x-ray evidence of cavity closure. The over-all mor¬ 
tality Avas 3.5 per cent, and rate of cure 88.5 per cent (Table I). 

Of the five-rib group eighty-tAvo, or 88 per cent, of the ninety-three cases 
have no roentgenographic evidence of cavitation, as evidenced by planigrams, 
are repeatedly negative by culture, and are in full- or part-time Avorlt. The 
operative mortality in this group is 1.1 per cent, and there is a late mortality of 
2.2 per cent. The residual cavity rate is 8.6 per cent. 



Fig. 1.—Diagrammatic representation of the extent of rib resection in a six-rib thoracoplasty. 


Table I. Combined Statistics op Consecutive Cases prom 1942 to 1949. 
Small Thoracoplasties 







MOR¬ 

TALITY 

LESS 

later I 

FOLLOW UP 

3 MO. TO 7 YR. 

NO. 

RIBS 

NO. 

PAT. 

STAGES | 

LATERAL 

OP. 

IN¬ 

FECTION 

THAN 

2 MO. 

MOR¬ 
TALITY 1 

CAV.~ 

TB.- 

CAV.+ 

TB.+ 

3 

15 

15 

' 

2 

13 per 
cent 

i 

G.G per 
cent 

3 

20 per 
cent 

10 

GG.G per 
cent 

i 

G.G per 
cent 

4 

66 

74 

2 

i 

1.5 per 
cent 

1 

1.5 per 
cent 

1 

1.5 per 
cent 

62 

94 per 
cent 

2 

3.3 per 
cent 

5 

93 

172 

3 

5 

5.4 per 
cent 

1 

1.1 per 
cent 

2 

2.2 per 
cent 

82 

8S per 
cent 

S 

8.G per 
cent 

Total 

174 

261 

5 

S 

3 

G 

154 

11 


Per cent 


cent 


1.7 per 
cent 


cent cent 
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When the cavity size is plotted against the number of ribs resected, it is 
found that of 142 cases from Group I (0 to 2.5), 129 or 90.8 per cent were 
treated successfully, one died in the postoperative period, and seven, or 4.9 per 
cent, were left with residual cavities. This contrasts sharply with the next 
group (2.5 to 4) where of the eighteen cases, although there were no operative 
deaths, only thirteen or 72.2 per cent were cured, and four or 22.2 per cent had 
residual cavities. This suggests that cavity size is an important factor in deter¬ 
mining the chance of success with a small thoracoplasty (Table IV). 
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As an incidental finding it was noted that twenty-eight patients, or 17 per 
«nt, had been treated by artificial pneumothorax, an average of 5.5 years with 
reformation of cavities after re-expansion (Table V). 

COMMENT 

This study has been undertaken in an attempt to evaluate the effeetivity 
and validity of a limited thoracoplasty done in conjunction with a large extra- 
lasc-ial apieolysis in the treatment of apical tuberculosis with cavitation. These 



Fig. 6. Fig. 7. 

Fig. 6.—Case 2 alter first stage and one air filling. 

Fig. 7.—Case 2 after second stage and additional filling. 
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Table IV. Early and Late Results Correlated with Cavity Size 
3, 4, and 5 Rib Thoracoplasties 


CAVITY 

SIZE 

NO. 

INF. 

MORT. LESS 
THAN 2 MO. 

MORT. 

LATER 

CAV. - 

TB. - 

CAV. + 

TB. + 

i 

0-2.5 cm. 

142 

8 

i 

5 

129 

90.8 per 
cent 

7 

4.9 per 
cent 

II 

2.5-4 cm. 

18 



1 

13 

72.2 per 
cent 

4 

22.2 per 
cent 

Ill 

4-5 cm. 

3 




3 

100 per 
cent 


Total 

163 

8 

i 

6 

145 

88.9 per 
cent 

11 

7.6 per 
cent 



Fig. 9. Fig. 10. 

Fig. 9.—Case 2 after 3 months; air filling discontinued. 

Fig. 10.—Case 2, four months after air filling was discontinued. 


Table V. Number of Years Between the Institution of Pneumothorax and Operation. 

Eesidual Cavity after A-P. 


5 ribs 

19 

Av. Years between 

4 ribs 

S 

A-P and operation 

3 ribs 

1 

5.5 

Total 

28—17 per cent 

- 


results illustrate what can be achieved with a minimum of outward, and more 
important, inward deformity. The diseased portion of the lung with its cavity 
or cavities is permanently collapsed, allowing a minimal loss of function of 
the remaining imaffected lung. This has been achieved with a low mortality 
both postoperative and late. Planigraphic studies have been carried out in 
the majority of cases both before and after operation (Figs. 11 and 12). Re¬ 
cently planigrams have been taken routinely pre- and postoperatively to study 
the relationship of the drainage bronchus to the ultimate result. In several of 
the eases of residual cavity open drainage bronchi can be demonstrated. 



\FASCIAL, APICOIA': 

ai, especially in tl 
fascial apicolysis i 
ie vigilant filling, 
i ribs are fully & 
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CASE REPORTS 

Case 1.—This 42-year-old white woman developed pleurisy in 192G. She was treated 
by a right pneumothorax from 1936 to 1940. In December, 1946, she became weak, began 
to cough, and a chest roentgenogram revealed bilateral apical infiltration with cavita¬ 
tion (Fig. 3). Pneumothorax was unsuccessful. Sputum was positive on direct smear, 
vital capacity was 2,500 c.c., and there was excellent diaphragm movement on both sides. 
Because of her good general condition and the small cavities located well up in the 
apices, it was decided to perform bilateral four-rib thoracoplasties with extrafascial 
apicolysis. The left side was done first. The right side was done after a four-month 
interval (Fig. 4). Four months later the sputum was negative on smear but positive a 
single instance in a culture from gastric contents. Planigrams were negative for residual 
cavity. 

Case 2.— This 18-year-old man developed tuberculosis in 1947. He was admitted 
to Oslo Municipal Hospital four months later with bilateral infiltration and right upper 
lobe cavitation. The sputum was strongly positive on direct smear. Pneumothorax was 
unsuccessful on the left and eontraseleetive. His vital capacity was 3,600 c.c., and dia¬ 
phragmatic movement was excellent. The daily sputum varied from 10 to 30 c.c. A 
five-rib thoracoplasty with extrafascial apicolysis was therefore performed in two stages 
in conjunction with air filling. Two years after the final stage he was w r ell and working 
with negative sputum cultures and no planigraphic evidence of residual cavitation (Figs. 
5 to 10). 

SUMMARY 

One hundred seventy-four eases of tuberculosis of the lungs treated by 
thoracoplasty with extrafascial apicolysis involving five or less ribs with a total 
of 261 stages of operation are reviewed. The results are presented and briefly 
discussed. 
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PULMONARY RESECTION FOR TUBERCULOSIS 

Eugene B. Sive, M.D., Bogen, M.D., and Beane S. Boglev, M.D. 

Olive View, Calif. 

QULMONARY resections for tuberculosis have been re T° r ^ °vei * ^ 

P of half a century, but it is only during the past 

become recognized as an approved therapeutic measure, and that any lai 0 e 
oeeome ieeo s nizea as a 1 f „ instances of resections were per- 

series of cases has been reported. „ TU r 

formed on Olive View patients before the introduction of streptomycin, and 
immea on wave « f m-atifvin" but the incidence of broncho- 

‘ii a few instances the results " e e ° tive mortality in the cases 

pleural fistula and empyema, and t 0 P strentom vein 

operated by the old 

zrt'i*: p";ea«. ^ % 

0 . . . .. . t as elsewhere, and is now recognized as an estab- 

creasing in popularity heie, as eisewu* , 

lished procedure. • i ana lysis of all eases of pulmonary resection 

lot tobercuE perfomed by the mdiyidoalligation technique at Olioe View 
101 uuieicuios s P senes comprises eighty-four consecu r 

Sauatormm through Dec. 31, » 0 pe„tion was performed to. 

t,,e cases of ““i, an a forty-three in I960. Complete fol- 

M7, four m IMS. thntyi^ ^ 1951 _ in all but tm) cases . Thc !ast 

loiv-up data weie o cages was one year after the surgery in June, 1950. 

The^other'follow-up was made in August, 1950, four months after surgery, 
the otliei toliowui the information as of that date. 

-“to evaluate the resections, the results are divided into five eate- 
„ n satisfactory, fair, poor, and deaths. The first three groups are 
further "divided into working and not working classifications. Criteria used 

for e g^f h Q as ^ e t hat have done well and have remained well. All sputum 
concentrates, cultures, and gastric cultures have been negative since surgery. 
There were no spreads, no postoperative complications, no bronchopleural 
fistulas except in one case in which the bronchial stump leaked immediately 
and was repaired within twenty-four hours. This case is being included since 
it was obviously a surgical defect and had no connection with the result, 
far as tuberculosis is concerned. In this group there are twenty-nine cas 
thirteen of whom are now working, five full time. 

Satisfactory: In this group are placed the eases who are as well now as 
ave the cases in the good group, but have had, since surgery, one or more of 
the following: (a) positive sputum or gastric culture, now negative, (b) a 
spread that 1ms cleared, (c) bronchopleural fistula, now closed, and (d) other post¬ 
operative complications nom which there 1ms been complete recovery In this 
group are twenty-five eases, seven of whom are now working, one full ’time. 

--- ^a'- 1 fur l‘ ub,lc - l,lon Lee. H, 1931. 


so 
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Table X. Results op Pulmonary Resection for Tuberculosis 



GOOD 

| WORKING 

1 SATIS- 

1 FACTORY 
WORKING 

1 

FAIR 

WORKING 




TO- 


| YES 

1 NO 1 

YES 

1 NO | 

YES 

1 NO 

POOR 

DIED 


TALS 

Sex and Age, Males 10-29 

4 

2 

0 

2 

0 

2 

i 

i 


12 

30-39 

2 

0 

4 

3 

i 

0 

0 

4 


14 

40-49 

3 

4 

1 

1 

0 

1 

l 

0 


11 

50 and over 

0 

1 

0 

0 

0 

1 

l 

1 


4 

Totals 

9 

7 

5 

0 

1 

4 

3 

0 


41 

Females 10-29 

2 

1 

2 

0 

1 

9 

2 

1 


17 

30-39 

2 

3 

0 

1 

1 

3 

3 

1 


14 

40-49 

0 

4 

0 

3 

0 

1 

0 

0 


8 

50 and over 

0 

1 

0 

2 

0 

0 

0 

1 


4 

Totals 

4 

9 

2 

12 

2 

0 

5 

3 


43 

Race White 

3 

12 

3 

5 

2 

3 

i 

3 


32 

Mexican 

8 

4 

2 

8 

1 

5 

4 

3 


35 

Negro 

1 

0 

i 

3 

0 

i 

1 

2 


9 

Other 

1 

0 

i 

2 

0 

i 

2 

1 


8 

Totals 

Patients working, 1-4 hr. Men 
Women 

5-7 hr. Men 
Women 

8-9 hr. Men 
Women 

13 

3 

4 

1 

0 

5 

0 

10 

7 

3 

2 

1 

0 

1 

0 

18 

3 

1 

0 

0 

2 

0 

0 

10 

8 

9 


84 

7 

G 

2 

2 

G 

0 

Totals 

13 

0 

7 

0 

3 

0 

0 

0 


23 

Disease: Unilateral 

0 

2 

i 

1 

0 

0 

0 

0 


4 

Unilateral with cavity 

1 

2 

0 

9 

0 

1 

0 

0 


0 

Bilateral 

8 

0 

2 

5 

1 

3 

3 

5 


33 

Bilateral with uni- 

4 

0 

4 

10 

9 

0 

5 

4 


41 

lateral cavity 

Totals 

13 

10 


18 

3 

10 

8 

9 


84 

Cavity size: under 2 cm. 


5 

1 

5 

0 

3 

3 

0 


22 

2 cm. and over 

o 

2 

4 

0 

9 

4 

1 

4 


23 

Totals 


7 

5 

11 

2 

7 

4 

4 


45 

Cavity character: Slit 

9 

2 

i 

0 

0 

0 

0 

0 


5 

Bronchiectatic 

1 

2 

0 

2 

0 

1 

1 

0 


7 

Irregular 

o 

i 

1 

2 

i 

3 

0 

1 


9 

Round 

0 

1 

9 

2 

0 

1 

1 

1 


8 

Totals 

3 

6 

4 

0 

l 

5 

2 

2 


29 

Cavity location: Upper lobe 

4 

6 

3 

11 

l 

4 

4 

4 


37 

Lower lobe 

1 

1 

9 

1 

l 

3 

0 

0 


9 

Totals 

5 

7 

5 

12 

2 

7 

4 

4 


40 

Duration of disease: 0-1 vr. 

1 

3 

1 

1 

0 

0 

2 

1 


9 

2-4 vr. 

3 

1 

9 

7 

0 

3 

o 

2 

20 

5-9 yr. 

5 

9 

9 

8 

9 

4 

3 

9 

35 

10 and over 

2 

3 

i 

1 

i 

1 

0 


11 

Totals 

ii 

10 

0 

17 

3 

9 

S 

7 

7 


ID 

Preoperative sputum, Positive 

2 

0 

3 

8 

5 

o 

3 

32 

Cone. 

Intermittent Pos. Cone. 

i 

4 

1 

3 

0 

i 

0 

1 

11 

Occasional Pos. Cone. 

3 

0 

1 

0 

0 

0 

1 

1 


0 

Neg. Cone.—Pos. Culture 

2 

1 

1 

4 

0 

3 

3 

3 

17 

Neg. Cone. Inter. Pos. Culture 

3 

2 

1 

9 

0 

1 

1 

1 

11 

Neg. Cone. Occas. Pos. Culture 

0 

2 

0 

1 

1 

0 

0 

0 


i 

Neg. on Cone., Cult, and Gas- 

o 

i 

0 

0 

0 

0 

0 

0 


3 

trie 

Totals 

13 

10 

7 

IS 

3 

10 

8 

9 

81 

Previous thoracoplasty: 3 ribs 

0 

0 

0 

1 

0 

0 

0 

0 


1 

5 ribs 

1 

4 

2 

5 

1 

1 

o 

0 

10 

G ribs 

0 

3 

T 

1 

1 

0 

9 

1 


9 

7 ribs 

5 

5 

1 

0 

1 

3 

4 

3 

2 

8 

8 ribs 

2 

0 

0 

2 

0 

9 

0 

9 


S 

9 ribs 

i 

1 

1 

i 

0 

1 

0 

1 


r> 

Totals 

9 

13 

5 

10 

3 

7 

8 

7 

os 
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Table I.—Cox't’d 


l.tpes of resection: primary 
after homolateral thoracoplasty 
after bilateral thoracoplasty 
after contralateral extrapleural 
pneumothorax and homolat¬ 
eral thoracoplasty 
atter revision thoracoplasty 
after lueite pack and thoraco¬ 
plasty 

Totals 

Streptomycin 5-39 gmuis 
AO or more 
No streptomycin 
Totals 

Preoperative bronchoscopy 
No discharge 
secretions, homolateral 
Secretions, contralateral side 
Secretions, both sides 
Stenosis homolateral 
Totals 

Streptomycin resistant 
-'at streptomvcin resistant 
Totals 

Pterions tracheobronchial disease 
-'o previous tracheobronchial dis¬ 
ease 
Totals 
Operation: 

Pneumonectomy, left 
Pneumonectomy, right 
Lobectomy, left upper 
Lobectomy, right up per 
Lobectomy, left lower £ lingula 
Lobectomy, left lower 
Lobectomy, right lower A middle 
Lobectomy, right upper a 
middle 

Lobectomy, left upper and sup/, 
segment of lower 
Totals 

Operating time: 3-3:59 hr. 

t —i:or. 
5-5:59 S:r. 

0 *5:59 t.-r. 
7-7:59 hr. 
vi:59 Sir. 
9-9:39 hr. 

Totals 

Operative and 'or ar.e-:.:.eric d <!■ 
f-cultv 

No e.-r.i.-ta! dim-ritv 
TotaU 

B’..,od Uad-r 


GOOD 

WORKING 

satis¬ 

factory 

WORKING 

YES | NO 

YES j X'O 


Yz. \-r l‘.Vi 
ij.-.-t :o 1 ,irJj rs, 
’IJ. /i V* llf/J e;' r 
ZJ. V> 7,1/0 'V', 
I ,■ Ji «,v I*' -■% 


FAIR 

WORKING 
YES | NO 
0 3 

3 G 

0 0 

0 0 
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Table I.— Cont’d 




I 

SATIS- 







GOOD 

FACTORY 

FAIR 





WORKING 

WORKING 

WORKING 



TO- 


| YES | 

NO 

YES | 

NO 

YES | 

NO I 

POOR 

DIED 

TALS 

7,000 to 7,999 c.c. 

0 

0 

0 

i 

0 

0 

0 

0 

i 

Totals 

13 

16 

6 

16 

3 

9 

9 

8 

80 

Preoperative hemoglobin; 64-79 

5 

2 

1 

4 

1 

6 

1 

5 

25 

80-89 

5 

9 

2 

10 

1 

1 

6 

0 

34 

90-100 

3 

4 

3 

2 

1 

2 

1 

2 

18 

Totals 

13 

15 

6 

16 

3 

9 

8 

7 

77 

Postoperative fever: 1- 5 days 

0 

0 

0 

1 

1 

2 

0 

1 

5 

(above 98.6° F.) 6-10 days 

4 

4 

4 

5 

2 

3 

1 

1 

24 

11-20 days 

4 

5 

1 

8 

0 

2 

1 

0 

21 

21-30 days 

3 

3 

0 

2 

0 

0 

0 

3 

11 

31-40 days 

0 

0 

1 

i 

0 

0 

0 

1 

3 

41 and over 

1 

3 

0 

i 

0 

0 

0 

1 

6 

Totals 

12 

15 

6 

18 

3 

7 

2 

7 

70 

Spreads one, first postoperative 

0 

0 

2 

10 

0 

1 

1 

3 

17 

month 

Spreads one, after first postopera- 

0 

0 

i 

2 

0 

1 

6 

1 

11 

tive month 

Spreads two or more, first month 

0 

0 

0 

0 

0 

2 

1 

2 

5 

and later 

No spreads 

13 

16 

4 

6 

3 

6 

0 

3 

51 

Totals 

13 

16 

7 

18 

3 

10 

8 

9 

84 

Bronchopleural fistula: first day 

0 

1 

0 

0 

0 

0 

0 

0 

1 

Bronchopleural fistula within 1 

0 

0 

0 

1 

0 

0 

0 

1 

2 

month 

Bronchopleural fistula after first 

0 

0 

0 

0 

0 

0 

0 

1 

i 

month 










Totals 

0 

1 

0 

1 

0 

0 

0 

2 

4 

Postoperative sputums: 





0 



0 

46 

All cone., cult., & gast. neg. 

12 

14 

3 

13 

3 

1 

Neg. cone., cult. No gast. rep. 

1 

2 

0 

1 

0 

0 

0 

2 

6 

All cone., cult., gast. neg. ex- 

0 

0 

3 

2 

0 

1 

0 

0 

6 

cept preceded by 1 pos. cult. 





0 

0 

0 

0 


Neg. on cone., cult., gast. except 

0 

0 

1 

2 

3 

preceded by occ. pos. culture 
Neg. on cone., cult., gast. except 

0 

0 

0 

0 

0 

1 

0 

2 

3 

preceded by occ. pos. cone. 






0 


0 


Neg. cone.; occ pos. cult, or 

0 

0 

0 

0 

o 

1 

3 

gastric 

Neg. on cone., pos. on cult. 

0 

0 

0 

0 

0 

1 

1 

0 

2 

Neg. cone., occ. pos. culture 

0 

0 

0 

0 

1 

4 

1 

0 

C 

5 

2 

Occasional pos. concentrate 
Regularly positive concern 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

1 

1 

Totals 

13 

16 

7 

18 

3 

10 

8 

7 

82 





PERCENTAGE OP 




CASES WITH GOOD 


TOTAL NUMBER 

GOOD AND 

AND SATISFACTORY 


OF CASES 

SATISFACTORY 

RESULTS 


Males: Age 10-29 12 

30-39 14 

40 and over 15 

Females: 10-29 17 

30-39 11 

40 and over 12 

Race: White 32 

Mexican 3o 

Negro 9 

Other 3 

Disease: Unilateral 1 

Unilateral with cavity 0 

Bilateral 33 

Bilateral'with unilateral 41 

cavity___ 


8 

9 

10 

1-1 

0 

10 

23 
22 

5 

4 

4 

5 

21 

24 


64 
67 

65 
43 
83 
72 

63 
55 
50 

100 

S3 

64 
58 
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Table L—Cont’d 


Cavitr size: Under 2 cm. 

Over 2 cm. 

Cavity character: Slit 

Bronchiectatic 

Irregular 

Bound 

Canty location: Upper lobe 
n . Lower lobe 

duration of disease: 0-1 yr. 

2-4 yr. 

5-9 yr. 

10 and over 

Preoperative sputum: Pos. Cone, 
"reoperative neg. concentrate; 
pos. culture 

Preoperative neg. concentrate; 

colt.; & gast. 

Previous thoracoplasty: 

5 ribs or less - 

6 ribs or more 

fype ox Besection: Primary 
L'pe: post thoracoplasty 
lype primary resection:' 

No thoracoplasty 
Postresection thoracoplasty 
Streptomycin: 5-39 Gm. 

40 or more Gm. 

Preop. bronchoscopy: no secretions 
Preop. bronchoscopy: homolateral 

secretions 

Preop. bronchoscopy: homolateral 
stenosis 

Streptomycin resistant 
streptomycin not resistant 
Previous tracheobronchial disease 
No previous tracheobronchial dis¬ 
ease 

Operation: Pneumonectomy 
Lobectomy 

Operating time: Under 7 hoars 
Over 7 hours 

Operative and/or anes. dimeulty 
No operative and/or anes. dim- 
culrv 

Blood Lists: Under 3,000 c.c. 

Over 3,009 c.c. 

Preoperative hemoglobin under 
50 per cent 
over 50 per cent 
Pcstoterafive febrile course: 

1-10 CSV5 

10 days 


: Al! 


.leads 

r 


Brcr./nonUnrai r.V.- 


Fnir: <-< 

•r., 


, NUMBER 
CASES 

GOOD AND 
SATISFACTORY 

?3 

16 

23 

12 

5 

5 

7 

5 

9 

4 

S 

5 

37 

24 

9 

5 

9 

6 

20 

13 

35 

24 

11 

/ 

49 

34 

32 

19 

3 

3 

17 

13 

51 

30 

16 

11 

68 

43 

8 

7 

8 

4 

43 

32 

38 

21 

23 

14 

23 

17 

18 

11 

16 

6 

68 

■SS 

23 

14 

61 

SO 

56 

35 

28 

19 

69 

16 

12 

6 

23 

9 

61 

45 

5i 

37 

26 

14 



12 


38 

29 

18 



33 

51 

15 

39 

i 

9 




PERCENTAGE OF 
CASES WITH GOOD 
AND SATISFACTORY 
RESULTS 


73 

52 

100 

71 

44 

62 

65 

55 

67 

65 

6S 

64 

69 

60 

100 


76 
59 
69 
63 

SS 

50 

72 
55 
61 
74 

61 

3S 

71 

61 

66 

63 

6S 

67 

50 

39 

74 

69 

54 

4S 

73 

62 

80 

45 

77 
50 
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Poor: These cases are not doing well. They show increase in disease, posi¬ 
tive sputum, or bronchopleural fistula. Eight cases are in this group. 

Deaths: There are nine deaths in this series, an over-all death rate of 
10.7 per cent. There were two deaths within three days, each directly due to 
the surgery with an immediate surgical mortality rate of 2.4 per cent. The 
other deaths all occurred after four months. 

The association of various factors with the results observed from one to 
four years after resection is shown in table form. Prom these figures the per¬ 
centages of favorable results were calculated and significant relationships noted. 

Review of Results. — Sex: Essentially no difference. Age: Little influence 
except in women over 40 years, who had best results. Race: Best in white race, 
next best in Mexicans, poorest in Japanese and Negroes. Disease: Unilateral 
disease far better results than bilateral disease. Cases with cavity less satis¬ 
factory results than those without cavity; but unilateral cavity cases did better 
than those with bilateral disease without cavity. Cavity size: Better results 
with small cavities, under 2 centimeters. Cavity character: Best results with 
slit and bronchiectatic cavities. All eases of slit cavity had a good result. 
Cavity location: No significant differences. Duration of disease: No significant 
differences. Preoperative sputicm: Best results in the three cases who had 
negative sputum and gastric cultures. Cases with positive concentrates did 
better than those with negative concentrates and positive cultures. 

The indications for resection in the three eases who were negative: (I) 
surgical emergency for hemoptysis. Previous four stages of thoracoplasty and 
revision; negative sputum since then. Left pneumonectomy. (2) Cavity in 
apex of left lung, seen on x-ray. Previous six rib thoracoplasty, negative 
sputum and gastric cultures since then. Left upper lobectomy. (3) Unex- 
pandable diseased upper lobe. Pleural effusion and atelectatic lung with resid¬ 
ual pneumothorax. Sputum and gastric cultures negative. Decorticated but 
upper lobe failed to expand. Left upper lobectomy. 

Previous thoracoplasty: Best results with five ribs or less. Type of resec¬ 
tion: Results best in resections not associated with thoracoplasty; but the pri¬ 
mary resections followed by thoracoplasty did worse than those whose resection 
was preceded by thoracoplasty. Streptomycin resistant: Results almost twice 
as good in the cases who were not resistant to streptomycin, either partially 
or entirely. In the entire series this was one of the most outstanding findings. 

Previous tracheobronchial disease: Results not significantly better in the 
eases who did not have previous disease. Operation performed: Results slightly 
better with lobectomy than with pneumonectomy, but difference not statistically 
significant. Duration of operation: Cases who required under seven hours did 
slightly better than those over seven hours. Operative and/or anesthetic diffi¬ 
culties: Results almost twice as good in the cases without difficult}'. Most fre¬ 
quently encountered was difficulty in freeing the lung due to adhesions and 
adherence to the chest wall. Blood loss: Cases with blood loss under 3,000 c.c. 
did far better than those in which the loss was greater. Blood loss was generally 
o-reater in the cases in which difficulty in freeing the lung was present. 
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Preoperative hemoglobin: Cases with over 80 per cent did far better than 
those under SO per cent. Preoperative febrile course: Until a case leveled off 
at 98.6° P. or under, that case was listed as having fever. Cases with febrile 
course over ten days did better than those under ten days. Spreads: Gases 
without spreads did far better than those with spreads. Bronchopleural fistulas: 
Two of the four eases with fistula had good results. One was immediately 
recognized so that closure was done within twenty-four hours; the other showed 
up four days after surgery and closed spontaneously within another week or so. 

Significant hazards to obtaining a good result were: 

1. Operative or anesthetic difficulties. 

2. Resistance to streptomycin. 

3. Spreads. 

4. Bilateral disease. 

5. Round or irregular cavity. 

6. Cavity over 2 cm. in size. 

T. Regular positive cultures or concentrates. 

8. Preoperative hemoglobin under 80 per cent. 

9. Blood loss over 3,000 e.e. 

10. Previous six or more rib thoracoplasty. 

Spreads: During the first postoperative month there were seventeen cases 
which had a spread. Any increase in pulmonary density Mas counted as a 
spread, although several eases so classified may have been due to atelectasis or 
hemorrhage into the bronchioles, since the x-ray shadow cleared rather rapidly. 

Outcome of the seventeen spreads that occurred during the first postopera¬ 
tive month: Twelve cases showed complete clearing on radiographic examination 
and became completely negative on sputum and gastric cultures. Those cases were 
included in the satisfactory category. Three cases were classified as fair results; 
of these, one had a slight residual infiltration but became negative on sputum and 
gastric examinations. The second ease had additional later spreads, but became 
negative on concentrate culture and gastric, but had residual soft infiltration. The 
third case had a later spread which completely cleared on x-ray examination, but 
the cultures were intermittently positive. Two cases were classified as poor; 
°ne developed a cavity and was intermittently positive on concentrate; the 
other had a later spread and was regularly positive on concentrate. 

Of the thirty-three patients who had spreads, at any time following opera- 
don, one who developed soft infiltration and two who formed cavities died. 
Of the thirty surviving patients who had spreads, regression, fibrosis, or calcifi¬ 
cation has taken place in nineteen, but seven still have residual soft infiltration, 
ail d four others show definite cavitation. 

Survivals: Of the seventy-five patients surviving in this series, sixty-four 
have no roentgenographic evidence of any soft infiltration, cavitation, or em¬ 
pyema, and are thus satisfactory results, from an x-ray standpoint. Four of 
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Poor: These eases are not doing well. They show increase in disease, posi¬ 
tive sputum, or bronchopleural fistula. Eight cases are in this group. 

Deaths: There are nine deaths in this series, an over-all death rate of 
10.7 per cent. There were two deaths within three days, each directly due to 
the surgery with an immediate surgical mortality rate of 2.4 per cent. The 
other deaths all occurred after four months. 

The association of various factors with the results observed from one to 
four years after resection is shown in table form. From these figures the per¬ 
centages of favorable results were calculated and significant relationships noted. 

Review of Results.—Sex: Essentially no difference. Age: Little influence 
except in women over 40 years, who had best results. Race: Best in white race, 
next best in Mexicans, poorest in Japanese and Negroes. Disease: Unilateral 
disease far better results than bilateral disease. Cases with cavity less satis¬ 
factory results than those without cavity; but unilateral cavity cases did better 
than those with bilateral disease without cavity. Cavity size: Better results 
with small cavities, under 2 centimeters. Cavity character: Best results with 
slit and bronchiectatie cavities. All eases of slit cavity had a good result. 
Cavity location: No significant differences. Duration of disease: No significant 
differences. Preoperative sputum: Best results in the three cases who had 
negative sputum and gastric cultures. Cases with positive concentrates did 
better than those with negative concentrates and positive cultures. 

The indications for resection in the three cases who were negative: (1) 
surgical emergency for hemoptysis. Previous four stages of thoracoplasty and 
revision; negative sputum since then. Left pneumonectomy. (2) Cavity in 
apex of left lung, seen on x-ray. Previous six rib thoracoplasty, negative 
sputum and gastric cultures since then. Left upper lobectomy. (3) Unex- 
pandable diseased upper lobe. Pleural effusion and atelectatic lung with resid¬ 
ual pneumothorax. Sputum and gastric cultures negative. Decorticated but 
upper lobe failed to expand. Left upper lobectomy. 

Previous thoracoplasty: Best results with five ribs or less. Type of resec¬ 
tion: Results best in resections not associated with thoracoplasty; but the pri¬ 
mary resections followed by thoracoplasty did worse than those whose resection 
was preceded by thoracoplasty. Streptomycin resistant: Results almost twice 
as good in the cases who were not resistant to streptomycin, either partially 
or entirely. In the entire series this was one of the most outstanding findings. 

Previous tracheobronchial disease: Results not significantly better in the 
cases who did not have previous disease. Operation performed: Results slightly 
better with lobectomy than with pneumonectomy, but difference not statistically 
significant. Duration of operation: Cases who required under seven hours did 
slightly better than those over seven hours. Operative and/or anesthetic diffi¬ 
culties: Results almost twice as good in the cases without difficulty. Most fre¬ 
quently encountered was difficulty in freeing the lung due to adhesions and 
adherence to the chest wall. Blood loss: Cases with blood loss under 3,000 c.c. 
did far better than those in which the loss was greater. Blood loss was generally 
greater in the cases in which difficulty in freeing the lung was present. 



SIVK CT AJ-.: I*i;i,MON.lKV KESECTJoX EOK TlIiKIiCL'J.OSIS 


G27 


twenty-three are already working. Less satisfactory results were obtained in 
the Negro race, patients with larger or tension cavities, and in those already 
resistant to streptomycin. Poor results were also noted in patients who developed 
postoperative spreads and in those who required more chemotherapy or post- 
resection thoracoplasty. 

Pulmonary resection is a valuable therapeutic measure in selected cases of 
pulmonary tuberculosis, especially for lesions which have not been controlled 
l>y thoracoplasty. Pulmonary resection should not be lightly undertaken. Care¬ 
ful selection and preparation of patients, meticulous surgical technique and 
painstaking postoperative care are required to minimize its dangers and insure 
maximum results. 



626 


THE JOURNAL OF THORACIC SURGERY 


the seventy-five patients have positive concentrates, and eleven have positive 
cultures. Thus, 20 per cent still have positive sputums. Fifteen others were 
positive following resection, but are now negative. In addition to the obvious 
improvements in physical findings, roentgenogram, and laboratory data, many 
patients had marked lessening or disappearance of symptoms such as wheezing, 
anorexia, night sweats, coughing, and raising of sputum. 

Review of Deaths. —1. White man, aged 36 years, streptomycin resistant, 
positive sputum, developed tuberculous meningitis four months after left pneu¬ 
monectomy after previous thoracoplasty. He died three months later. 

2. A Mexican man, aged 50 years, had positive sputum. He had a left 
pneumonectomy after a previous thoracoplasty. The operation required more 
than seven hours. The patient left the operating room in poor condition and 
died one hour later. 

3. A Mexican woman, aged 19 years, had positive sputum and contralateral 
oleothorax. She had an extensive bronehopneumonie spread after a right pneu¬ 
monectomy after a previous thoracoplasty. She died three days later. 

4. A Mexican man, aged 19 years, had a bronchopleural fistula. He had 
a right pneumonectomy after a previous thoracoplasty. He subsequently had 
a spread and hydropneumothorax. He had a skin flap drainage; and he died 
seven months after resection. 

5. A white woman, aged 59 years, had positive sputum. She ran an inter¬ 
mittent febrile course after a primary right pneumonectomy. She had a post- 
resection thoracoplasty, and later had exploratory thoracotomy. She died eleven 
months after resection; autopsy showed widespread tuberculosis and right 
empyema. 

6. A Negro man, aged 37 years, had a positive sputum. He had a left pneu¬ 
monectomy after a previous thoracoplasty. He developed acute cor pulmonale 
and auricular fibrillation and died four months later. 

7. A white man, aged 32 years, had a positive sputum. He died two years 
after a right pneumonectomy after a previous thoracoplasty. He had previously 
been discharged from Olive View; cause of death unknown. 

8. A Negro man, aged 35 year's, had a positive sputum. He had an early 
spread after left pneumonectomy after a previous thoracoplasty which com¬ 
pletely regressed eighteen months after surgery. He was discharged and died 
on the outside two and three-fourths years after resection; cause of death un¬ 
known. 

9. A Japanese woman, aged 31 years, had a positive sputum. She had a 
spread with cavity and hemoptysis, and died ten months after primary right 
pneumonectomy. 

SUMMARY AND CONCLUSIONS 

Of eighty-four resections for pulmonary tuberculosis at Olive View between 
1947 and 1950, fifty-four gave satisfactory results, twenty-one unsatisfactory, 
and nine died. There was an immediate surgical mortality rate of 2.4 per cent, 
with an over-all death rate of 10.7 per cent. Follow-up of the seventy-five 
survivals one to four years later shows sixty with negative sputum, of whom 
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layers of rubber cement. 0 Excess rubber at the base 01 tlie sixth linger is 
removed: the tips of the added finger and the index finger are cut off and 
small cuffs are turned and cemented (Fig. 1. /»). The glove is placed in an 
oven at '200° F. for half an hour, after which the test tube is removed and the 
glove is tested for leaks. It is then packaged and autoclaved in the usual 
manner. 

The six-fingered glove is employed in commissurotomy after the purse- 
string ligatures are placed in the base of the auricular appendage and the tip 
of tiie appendage is amputated distal to a noncrushing clamp. The glove is 
put on over the standard operating glove. The guillotine knife is moistened 
in saline and slipped through the added ‘‘sixth ’ finger and out the index 



a. b. c. 

1-—Six-Angered glove for use in mitral commissurotomy: -A, Method of adding sixth 
*£ r ., l ° glove. B . Completed glove. C, Use of the glove with the new model “push” tvpe 
* £*ailey-Glover-0’XeiIl commissurotomy guillotine. Xote that the glove is applied over the 
iSrf Z £ ur S^ c ol glove and the guillotine knife is inserted through the sixth finger and out the 
aex finger, a ligature fastens the sixth finger securely to the knife. 

finger. The end of the sixth finger which has become au instrument tunnel 
is then closed tightly with two turns of a heavy silk ligature (Fig. 1. C). 
^ ‘tli the forefinger and instrument in the auricle, blood flows into the extra 
finger and space between the two gloves, but can go no further. Occasionally 
with very high auricular pressures it has been necessary to place a tape liga- 
tUre around the operator's wrist to close that avenue of escape. 

SUMMARY 

A six-fingered glove for the further prevention of hemorrhage during 
antral commissurotomy has been described. 

*John Bunn Corporation, Buffalo, X. T. 




SIX-FINGERED GLOVE FOR MITRAL COMMISSUROTOMY 

Edward R. Munnell, M.D. 

Detroit, Mich. 

O PERATIONS for mitral stenosis involving the insertion of a forefinger 
into the left auricle by way of its appendage have resulted in dramatic 
improvement in many patients. 1 ' 4 While the finger is in the heart, hemostasis 
is usually easily obtained by the tightening of one or more purse-string ligatures 
previously placed around the base of the appendage. However, if attempts to 
open the valve by blunt dissection or “finger fracture” are unsuccessful, it 
becomes necessary to introduce some type of cutting instrument along the 
finger. With the high auricular pressure encountered in mitral stenosis, the 
presence of the instrument between the finger and the appendage wall may 
permit the escape of considerable amounts of blood. Bailey, Glover, and O’Neill 
described a technique to minimize this bleeding. A second glove was placed 
on the operator’s hand, and the commissurotomy knife was passed through a 
slit in the palm and out through the amputated tip of the forefinger of the 
glove. Harken has used a part of a finger cot for this purpose. In fifteen 
mitral commissurotomies, Dr. Conrad Lam employed the two-glove technique 
and noted that there was frequently troublesome bleeding from the hole in the 
outer glove from which the knife emerged. In one patient there was post-com¬ 
missurotomy hypotension apparently 1- due to excessive blood loss, and in others 
it was necessary to make hasty decisions as to the adequacy of the incisions 
into the commissures. 

The six-fingered glove was designed to obviate this remaining source of 
hemorrhage. The use and advantages of this glove have been mentioned in a 
previous paper. 5 It has now been used by Dr. Lam in twenty additional cases. 
It has reduced blood loss to negligible amounts, and has enabled the surgeon 
to explore and incise the stenotic mitral valve without urgency. The purpose 
of this communication is to describe the construction of the glove for the benefit 
of others who may feel the need of it. 

The third finger of a surgical glove is removed at its base, taking liberal 
margins from the palmar and dorsal surfaces of the glove (Fig. 1, A). This 
is then placed over a test tube which the rubber finger will fit snugly. A star 
is then cut in the recipient glove on the palmar surface approximately half¬ 
way between the thenar eminence and the index finger. The finger to be added 
and test tube are inserted through the star to the desired position. The rubber 
in the region of apposition is cleaned with benzene and cemented with several 

From the Division ot General Surgery or the Henry Ford Hospital. 
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